( 



DOCUHENT EESUMS 



ED 039 204 



SP 003 889 



TITLE 



IITSTITUTIOW 

PUB DATE 
NOTE 

AVAILABLE EROE 



Preservice Science Education of Elementary School 
Teachers: Guidelines, Standards, and Recommendations 
for Research and Development. 

American Association for the Advancement of Science, 
Washington, D- C. Commission on Science Education. 

70 

75p. 

American Association for the Advancement of Science, 
1515 Massachusetts Avenue, N.W., Washington, D.C. 
20036 (AAAS miscellaneous publication 70-5) 



EDRS PRICE EDRS Price MF-$0.50 HC-$3.85 

DESCRIPTORS *Elementary School Science, *Elementary School 

Teachers, ^Science Course Improvement Project, 
♦Science Curriculum, Science Teachers, *Teacher 
Education Curriculum 



ABSTRACT 



This report, vhich is the outcome of a joint project 
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schools could be improved. It is addressed to scientists, professors 
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modern science at the elementary level, the necessary revision of 
college science courses and the reordering of the professional 
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covering scientific inquiry, attitudes towards science, processes of 
science, scientific knowledge, continuous learning, instruction, 
relations with children, relations with other teachers and the 
administration, and relations with the community. Five standards for 
teacher education institutions deal with shared responsibility for 
preservice education, qualified scientific teaching staff, the 
essentials of the curriculum, individualized instruction, and the 
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FOREWORD 



Preliminaiy Report 

This report suggests ways in which preservice science education might 
be improved to bring about more effective science teaching in elementary 
schools. The purpose of the report Is to stimulate discussion and study of 
preservice education. The AAAS Commission on Science Education hopes that 
the report will be discussed frequently and critically by groups of scientists, 
teacher educators, and. elementary school teachers and administrators. It Is 
further hoped that these discussions will yield constructive criticisms and 
suggestions that can be used to revise and strengthen the report in another 
year. 

If the report stimulates discussion, prompts teacher education institutions 
to give serious attention to updating their preservice programs in science for 
elementary teachers, and even more importantly, to initiate research and 
development projects from which better answers to relevant and important 
questions can be found, the preservice project will have served its purpose. 

In its initial planning the Commission requested support for a six-month 
planning period to be followed by the organization of a cooperative project in 
four centers in which samples of materials of the kind described in the report 
would be written and tried. When it was learned that funds would not be 
a\^ilable for the developmental work, the Commission decided to go ahead 
with the planning period with the hope that others would be persuaded to 
embark on the urgent development and research. 

The AAAS Commission on Science Education is well aware of: the com- 
plexities involved in the preservice education of elementary teachers. Elemen- 
tary school teachers constitute the largest professional group in the United 
States. Each year 85,000 elementary teachers are graduated from more than 
1,200 institutions of higher education. These teachers are expected to teach 
language arts, social studies, mathematics, health, fine arts, and physical 
education in addition to science. Their task is complicated by the fact that 
recent curriculum projects in mathematics, - science, and other areas have 
redefined what should be taught In elementary schools. While science in ele* 
mentary schools has been completely changed, most science courses for 
teachers at the college level have changed little or not at all.^ Herein lies the 
pinch of the educational shoe. 

Prospective elementary teachers should be prepared to teach new progi'ams 
in science that are being developed; they should be prepared to continue their 
study of science after graduation In order to adjust to a changing curriculum. 
It is often suggested that they should study science in the way that they are 



scl«nc« for Non-Sci«nct Stucfonte (PSNS) itevtIopM 
by a croup working at RPI. Tha matari;'<ls ara publishad by John Wilay. - 
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expected to teach science to children, but at an adult learning level. Present 
preservice education programs do not prepare teachers in these ways and 
improvements are urgently needed. 

In 1963, Guidelines for Science and Mathematics in the Preparation Pro- 
gram of Elementary School Teachers was prepared by S joint project of AMS 
and the National Association of State Directors of Teacher Education and 
Certification. The NASDTEC-AAAS Guidelines were widely distributed and have 
brought about improvements in the pre^rvice programs in science and mathe- 
matics for elementary teachers. They continue to be of importance. However, 
the Guidelines appeared before the development of the new elementary science 
programs and their recommendations are expressed in terms of course titles, 
which are always subject to misinterpretation. This report provides recommen- 
dations for preservice education of elementary teachers, which take into 
account recent developments in science and in education, and attempts to 
define what elementary teaches should B^able^tondo?-^^^ 

Two educational innovations of the past year give promise df having a major 
influence in the irhprovement of the preservice education of elementary 
teachers: the new Standards and Evaluative Criteria for the Accreditation of 
Teacher Education, which has been prepared for use by the National Council 
for Accreditation of Teacher Education, and the Model Programs developed by 
nine universities under contract with the U.S. Office of Education. These 
materials have greatly Influenced the thiriking which led to this report, and 
they contribute in a significant way to its timeliness. It is reasonable to exp^t 
that this report will be useful to NCATE evaluation teams, and will strengthen 
the science components of Model Projects as they are put into practice. 

The recommSndatjons of this report grew out of a series of three confer- 
ences in which over sixty leaders in American education participated. They 
are bold and perhaps idealistic. For this there Is no apology— bold action is 
needed. “ ■ ’ 

The report is the pr<?duct of the hard work of the participants In the three 
conferences; their names are listed in the Appendixf Special credit rhuSt be 
extended to the members of the Commission’s Committee on Teacher Educa- 
tion: Deborah partridge Wolfe^ Queens College of the City University of New 
York, Chairman; Hubert N. Alyea, Princeton University; Addison E. Lee, The 
University of Texas at Austin; Wendell H. Pierce, Education Commission of the 
States; and William W. Rubey, University of California at Los Angeles and Rice 
University. 

The Pre.^rvice Teacher Education Project has been supported by the 
National Science Foundation. 

J. Dudley Herron, Coordinator 

Teacher Education Project 

AMS Commission on Science Education 

February 1969 
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This Report 



After publication of the Preliminary Report in the spring of 1969, two 
thousand copies were distributed without charge to persons in all parts of the 
country who were believed to be interested in the preservice science education 
of elementary tochers, and their comments were solicited. Four regional con- 
ferences were held in October and November 1969, for introduction and dis- 
cussion of the Preliminary Report. About 100 scientists, science educators, 
and teachers attended each conference. At the University of Maryland, In 
Atlanta, in San Francisco, and in Chicago the conferees met for two days dur- 
ing which, in committees on science experiences, experiences with children 
and schools, research and development, and Implementation, they prepared 
recommendations for revision of the Report. Names of the conference partici- 
pants are listed in Appendix Dr Tbe National Association of -State Directors of 
Teacher Education and Certification, at their anriual mee^ In June, voted 
to give their full coqperatio^n in the fail cOhferen^^^ one person 

from most of the 50 state departments of education participated in one of this 

second round of conferences. . ~ ~ , 

It has been possible to incorporate most of the conference recommeiidations 
in this final draft. This revised report represents the combined work of almost 
500 participants from 47 states — almost 100 In the preparation of the Pre- 
liminary Report and over 400 in the revision. The preliminary report has been 
strengthened and the 500 participants are now designated as team members 
to. introduce the report widely, to interpret It, and to assist in implementing 
it to the end that elementary school children of the future will have better 
science experiences under the ..leadership of enthusiastic and well-qualified 
teachers.^ . 

Deborah Partridge Wolfe, Chairman John R. Mayor : 

Addison E. Lee, Member Arthur H. Livermore 

Teacher Education Committee Project Directors 

AAAS Commission on Science Education 
April 1970 r 
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The success of the new programs In science for high schools pointed up 
the urgency of, and possibilities for, improving science teaching in elementary 
schools and colleges. Now new science programs for elementary schools are 
available and are being introduced into schools. At the same time important 
changes are taking place in college science teaching and preservice teacher 
education programs are under constant study. Many innovations are being in- 
troduced. The support by the U.S. Office of Education of the development of 
Model Projects for the preservice education of elementary teachers may result 
in changes on a wide scale.^ Furthermore the more realistic and flexible stand* 
ards of the National Council for Accreditation of Teacher Education not only 
make change more possible, but actually place a premium on carefully con- 
ceived innovations. The time could scarcely be more propitious for a re-con- 
stitution of the preparation of elementary teachers to teach science. 

This report calls for cooperation among all of those responsible for the 
rnany different aspects of preservice teacher education. First, responsible 
groups must be persuaded that there is need for change, that exciting possi- 
bilities for improvement do exist, that there is value in a cooperative effort. 
Then these groups must become involved and work toward commonly agreed- 
upon goals. Scientists and teacher educators; the institutions and professional 
organizations with which they are associated, state departrnents of education 
and the schools, their administrators and tieachers, and their supporting lay 
public, must all become involved, and work together toward commonly agreed- 
upongoals. 

New Elementary School Science 

New materials have become available within the past eight years which 
make possible a dramatic revolution in the teaching of science in elementary 
schools. The standards, guidelines, and recommendations in this report have 
been prepared for all of those responsible for assisting prospective elementary 
teachers to acquire the competencies necessary to teach the new science pro- 
grams. Each of the new science programs is, unique, in its own way but. all 
possess certain commonalities which should become the principal focus of the 
teacher preparation program. 



*H«re and Jthrou^out th# report. “Model Ptoiecf' refers to one of the nine models fbr elementary 
teacher education develop^ under contiacrts with the U.S: Office of Education. Bureau of Research. 
Mod^ were subrnmed tothe Bureau on October 31. 1968. Further information about the projects can 
be oMained from Bemt^iy Teacher Education Project. Division of Elennentary and Secondary Educa* 
DC Rssearch, U.S. Office of Eduction, 400 Maryland Aveiiue, SW^WteWng!^, 



Some of these are: 

1. an emphasis upon the investigative nature of science (inquiry and dis- 
covery). 

2. a conviction that children need to be actively involved with materials 
that are conceptually rich for the learning of science. 

3. an emphasis upon independent learning with opportunities to explore, 
“try out,” “play with” and in other ways initiate their own learning. 

4. an attempt to establish a sequence of instruction to help assure the 
child’s acquisition of skills In the processes of sciences as an important 
part of their Intellectual growth. 

5. a valid presentation of science materials so that concepts will not need 
to be corrected later. 

These commonalities are also characteristic of modem matheniatics pro- 
grams for elementary schools. 



Broad Concerns 

This report begins with the assumption that the new elementary science 
programs should and will have an increasing Influence on the schools. It sug- 
gests where we should be going in the preservice education of elementaiy 
teachers to prepare them for this anticipated change in elementary science 
programs. In doing this, the report describes the skills that teachers will need 
to teach modern science to children, and it contains statements suggesting 
what to look for as evidence that teachers have the skills that are called fdr.^ 
Although the primary concern is with science teaching, it i si Imjwssible to 
look at the preparation needed for elementary teachers to teach science with- 
out considering other aspects of preservice teacher education. Considerations 
have ranged from elementary science to liberal education In college, from 
attitudes to manipulative skills^ from performance objectives and individualized 
instruction to the spirit of inquiry and being human. It Is clear that the prob- 
lem involves more than the revision of college science courses or reordering 
the professional education sequence. 

These broad considerations arise, in part, from a note of general dissatisfac- 
tion with the school and society as a whole-— it is not only that science is often 
badly taught; for many youngsters* the entire school experience is frustrating 
and limits their intellectual developrhent. < ^ 

These liniitatiohs are found In all teaching, not jurf the teaching of science. 
Witness the following quote from a recent review by Waetjen:' 



•in th« vl(m of many confarance participanti tha ta'aching'of tciance and, mathamatica ii^alamanV 
ary sehoola should ba mtegratad or at laast cdrralatad. Howavar. almost without axcaptlon, sclanca and 
mathamatica ara^faught In aiamentary schools as aaparata subjacts. for this 

Comihittaa on tha Ondargraduata Program- In Mathamatics has praparad and; widely dlsscminat^ 
racommandatfons oh tha prasaivica mathamatics preparation of elamantary taachars, praparation 
ihathamatica is not considard in this report. 



“Information which children placed in the (learning) situation was often 
ignored, overlooked, or not considered by the teacher. More importantly, the 
kinds of teacher responses which seek expansion and association of ideas, 
which ask for comparison and inference, and which related to personal experi- 
ence and opinion occurred rarely." * 

Those responsible for the preparation of this Report believe that, if the 
new science materials are taught effectively, some of these limitations of ele- 
mentary school education will be retpoved. 



To Whom Is the Report Addressed? 

The report is addressed to all persons concerned with the Improvement of 
the preservice science education of dementary teachers. 

It is addressed to scientists who teach science courses taken by a sub- 
stantial number of prospective elementary teachers. They must make the im- 
portant decisions concerning the nature of science experiences for teachers. 
Are the science experiences that Will be most valuable for future elementary 
teachers the same as those for future scientists, engineers, or even future 
laviyers? If not, what experiences do teachers need? What must the future 
elementary teacher know about the problems in environnierttal science, popula- 
tion studies, genetics and evolution? These are the questions which must be 
answered. Ibis report outlines many of the skills, attitudes and competencies 
that the elementary school teacher will need to teach a modern, program in 
science; the design of experiences which will lead to the^ skiJIs and attitudes 
is largely left to college scieritisls. - 

This report is also addressed to professors of education since they are 
generally held responsible for the teachers who are prepared by an institution. 
The profesSpr of science education may find it necessary to inOlude in his sci-‘ 
ence education courses science topics that the prospective science teacher 
did not have in his science courses or which he has since forgotten. He will 
assist the student in maintaining a favorable attitude toward science and 
science teaching and help him develop skills of teaching science to young 
children. He must constantly be aware of the science experiences With children 
and schools that the preservice teachers have, and be prepared to supplement 
the experiences as needed. - ‘ 5 

College deans and staff members, in addition to scientists and science edu- 
cators who have special responsibilities for the preservice science education 
program, should also find the report of value In thCir consideration of total 
college programs arid the teacher education program of the college. 

The standards, guidelines, and recommendations of this Report will be of 
concern to school administrators, teachers, and state department of education 



« Walter B. Waatjan, “Rtcant Analyses of Teaching,” Maryland ASCD Journal, ..Vol. 3, No. 1 (Fall,. 
1968) P.-28. 
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Competencies are described at three levels. Level 1 is a general description 
the competency and is designated by capital letters. Level 2 provides more 
scific statements of examples of subordinate skills that contribute to the 
ility described at Level 1. Level 2 Is designated by Arabic numerals. Level 3 
jvides specific examples used only when there is some danger that the more 
neral descriptions may be misleading. Level 3 statements, which are In- 
ided as examples only, are set In smaller type to avoid confusion. 



Liberal Education 

Above all else, the elementary teacher should be a liberally educated person, 
cause of this, the report would be incomplete without a discussion of the 
portance of liberal education In the preparation program for elementary 
ichers. However, a careful description of guidelines and performance objec* 
5s needed to accomplish the desired end requires careful consideration by 
>erts in fields other than science and education, as well as by those In 
ence and education. Consequently, no attempt is made to provide guide- 
Js for the liberal education of teachers as has b6en done for experiences 
science and experiences with children and schools. Chapter 4 is provided 
the hope that appropriate agencies will provide some needed direction for 
)rovement in this important segment of the preservice program for ele- 
ntary teachers.* 



Research and Development 

Chapter 5 of this report discusses the need for greatly expanded efforts in 
iarch and development and contains descriptions of recommended projects, 
oo little is known about the effectiveness of teacher preparation programs. 
St evidence is there that teachers who have had courses in science are more 
ctive teachers of science than those who have not? Is there evidence that 
rses taken as liberal education develop the attitudes and competencies that 
ascribe to the liberal man? How much responsibility can college students 
ijme for planning their own, learning; what can they learn without the pro- 
lor’s lecture as effectively as with? Is it possible to dispense with grades 
ipleteiy and report progress on the basis of acquired competencies; to give 
lit for competencies acquired before entering college or for competencies 
uired through informal foaming? 

he major thrust of research on teacher education must be toward evaluat- 
the outcomes of instructional programs in terms of the teacher's perform- 
nn the classroom. 
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Standards 

In^ Chapter, 6 standards to be applied to the teacher education institution 
and its program of preservice elementary teacher education are stated. These 
institutional standards are concerned with the staff, programs, and facilities 
required for the preservice preparation of elementary teachers. The standards 
are derived from the recommendations in preceding chapters, and are fol- 
lowed by questions that might be asked in judging the quality of the preservice 
program at a particular institution. These questions are intended for use by 
those evaluating the programs, including state departments of education and 
NCATE evaluation teams. 



Implementation 

The publication of a Report on the preservice science education of elemen- 
tary teachers will, iri itself, have little effect. The report must be distributed, 
discussed and tried in order to effect change. Participants in the 1969 confer- 
ences listed many recommendations, often addressed to particular groups, for 
implementation of the Report. These are presented in the final chapter. 

Definition of Terms 

When speakirig of teachers at the college level the terms professor or pro- 
fessional staff will be used. The college student is often called just that but 
more often the term, teacher, is used to indicate his future professional role. 
To avoid confusion between the student in the elementary school and the 
student In college, pupil or child is used in referring to the younger learner. 
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SCIENCE EXPERIENCES 

Our past experiences a^nd professional commitment allow no other view than 
that science is important; it is important to teachers, it is impoitant to society, 
it is important to children.. The .impact of technology is often cited as justifica- 
tion to teach science, and it is. Knowledge of science and technolo^ and their 
potential effect on society are important in science teaching. But the mode 
of thought, the way of looking at the world, the way of solving problems, the 
way of obtaining knowledge that characterize science are far more important 
rontributions of science to society. 



It was this kind of contribution of science to society that prompted the 
Educational Policies Commission of the National Education Association to 
state: ' 

^ The values of which the spirit of science consists should permeate the 
educative process, serving as objectives of learning in every field, includ- 
ing the humanities and practical studies.^ . . . To coitimunicate the spirit 
of science and to develop people’s capacity to use its values should there- 
fore be among the principal goals of education in our own and every other 
country.® ^ ^ ^ 

In this chapter an attempt is made to outline the competencies in science 
that elemeritary school teachers should have. These competencies can and 
must be acquired in a reasonable amount of time. Time is also needed to study 
literature, the arts, and social sciences. The focus is On the kinds of science 
experiences that, elementary teachers should have in order to teach as well as 
to live in contemporary (or ever changing) society. 

The teaching functions required of a teacher of elementary school science 
are likely to vary from region to region and from year to year. For this reason 
a teacher’s preparation through college programs must provide a base which 
is sufficiently broad and flexible to permit continued study and adaptation to 
new findings in science and to new teaching methods. It is well .to remember 
that the general approach of a teacher to his teaching functions usually 
reflectslhe pattern of Instruction which he himself received In college. That Is, 
a teacher who fails to acquire excitement and the spirit of inquiry and related- 
ness from his own preparation in science is not likely to convey these qualities 
to his own students. 



* Education and tha Spirit of Sclanea, (Washington, D. C: 
National Education Association, 1966), p. 22. 

• Ibid., p. 27. 
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A recent study of science education for elementary school teachers revealed 
that many teachers described their programs '‘with near unanimity as Irrele- 
vant,' ‘uninspiring,’ and often ‘overwhelming.’ ” ® The overwhelming aspect 
usually develops from forcing too many technical details into the course. The 
uninspiring and irrelevant aspects arise when college courses fail to reflect 
and relate to the larger issues of the natural and social world. 

For this reason it is important that science programs for teachers should 
provide, along with key concepts and some details of modern science, clear 
demonstration of the impact and significance of science and technology to the 
social, philosophical and historical aspects of the progress of man. 

How Should Science Be Taught? 

The adage that “we teach as we are taught’’ is not without foundation. If 
elementary teachers are to present science as an exciting exploration of the 
natural world where pupils have ample opportunity to interact with that world, 
to ask questions of nature as well as of people, and to discover that even 
young people can find order there, teachers, too, must have such opportuni- 
ties. What is done in college science courses will materially affect the way that 
elementary teachers teach science. 

The following sketch of the science teacher, adapted from a conference 
working paper,“ was written as a description of the attitude an elementary 
teacher should have toward science and how it should be taught; it is equally 
valid as a description of the way science should be taught to the teacher. 

A liberally educated teacher understands that his power derives frorn 
the way that content is used as well as from the particular conterit he 
has mastered. 

The methodology adopted by the teacher makes learning possible for 
different students. The methods tfienriselves are characterize by open- 
ness and can be the subject of discussion and analysis by students. The" 
teacher’s aims and his methods should be tempered by the aims and 
abilities of his studerits. 

Some of the practices that distinguish the effective teacher in the 
classroom are as follows: - ^ 

— He acts as a guide to learning rather than simply as a dispenser of 
information. 

» — He values the asking of questions as well as the giving of answers. 

-—He understands that learning is cumulative and does not impose 
closure prematurely. 

—He recognizes the importance of speculative thinking and does not 
insist that evidence be interpreted in conformity with cultural tradition. 



Albert F. Eiss, Scfenc* Education for Eiamanta^ faaehara. Filial Rtport 
USOE Projact No. 7-C016 (October 1968), p. 11. - 

**Adaptad from a working paper prepared by Randolph Brown, Elementary Science Study. 
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SCIENTIFIC INQUIRY 

GuideUne I. Science for elementary teachers thoviUL he taught in the 
tame style of open inquiry that it encouraged in elementary science pro» 
grams. The students science experiences should develop his ahUity to 
actively investigate natural phenomena and should result in hit enthusiasm 
for and confidence in teaching science through inquiry to children 

• What evidence is provided that the science experiences pro- 
vided by the institution encourage open inquiry as a ^le 
of learning about the natural world? 

• What evidence is provided that teachers are able to teach 
in a style that encourages inquiry on the part of pupils? 

Directives: 

A. Ability to investigate. The teacher will demonstrate his ability to carry 
out an investigation when presented data or a question about a natural 
phenonnena. 

Given data about the melting of ice when salt is added to it, construct and 
carry out an investigation to measure the temperature of mixtures of different 
amounts of ice arid salt. 

Given a question about the relationship of the color of the ambient light and 
the growth rate of plants, construct and carry out an investigation to measure the 
growth rate of plants in light of different colors. ^ 

B. Science as inquiry. The teacher will demonstrate his enthusiasm for 
teaching science as inquiry to children by emphasizing investigation over 
inemorization of facts. 

When asked by a child why ice floats on water suggests an investigation through 
which the child might find an answer to the question. 

C. Teaching science as inquiry. The teacher will demonstrate confidence 
in his ability to teach science as inquiry by selecting the inquiry approach 
rather than the show and tell approach. 

When asked to teach some children the law of the pendulums, gives the children 
string, steel washers, a stop watch, and meter sticks and suggests that they 
investigate the relationship between the length of the pendulum and the number 
of swings per minute. 




AHITUDES TOWARD SCIENCE 

GuidtMne ll» Science experiences of elementary teachers should de^ 
velop in teachers an appreciation for the historical, phdotophicai, and cur- 
rent significance of science to society, and positive auitudes about science 
whieh' result in a more objective approach to everyday problems, in im- 
proved teaching of science in their cfassroom at well as in increased in- 
terest in science-related acUvUiet, 

• What attitudes toward science does the institution claim it Is 
developing? 



"The qiMstions fbllowing. each of the guidelines may be useful in evaluating preservict science 
programs. 
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What evidence is provided that these attitudes are held ly 
teachers at the end of the instr»!ctional program? 

What evidence is provided that these attitudes persist after 
teachers have been in service for one or more years. _ 
What evidence is provided that realistic attitude 
devdoped toward the possible solution pmb\ems 

ciirh asMDulation jnowth and environmental pollubon? 
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Some directives 

A. Demand for data. The teacher will demonstrate confidence in scientific 
measurements, empirical data and accepted principles, and to question un- 
supported pronouncements. For example. 

Reiect leKislative attempts to set the value of g = 2.00 or ir == 3.00 as 

nonsense ^nce these constants are empirically derived quantities. 

When told that a proposed chemical plant will not disturb the J[J® 

rsK artto ?upp£«S data and a clarilicaHon of assumplnns on wh«h the 

projer^on is based. 

B Nature of concepts and theories. The teacher will recognize that the 
established concepts and theories of 

are consistent with the observed phenomena of nature and that they must 
modified if this is necessary to accommodate new findings. 

1 Given experimental results in which the mass of the identifiable products 
* is not the same as the mass of known reactants, search for some 

explanation for t’ e apparent disagreement with the law of mass con- 
servation. a 1 

When presented data that show that the mass of a grown 
th« it is^^ed in is greater than the mass *e ®ngmal soj, water 

added, surest other materials that may have contnbuted to plant growth- 

C. Interest in science. The teacher will demonstrate his interest in science 
by activities such as reading and conducting experiments. 

1. Read science-related articles and books which are not required as 

part of a course. . 

2 Plan and conduct experiments on his own volition or manipulate science 
equipment provided by the professor when he is Invited (but not re- 
quired) to do so. 

D. Encouraging science activities in pupils. The teacher will encourage 
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"Writing objectives to describe attitudes is * a kind of behavior 

In the Mnse that we measure length, ^Iwe. or wen imowi^gi^ ce entirely 

from vrhich we are willing to infer that ,2!i2on»«”*Sltude but It it likely to depend on 



15 



pupils to show curiosity and inventiveness in science by helping pupils design 
experiments that will answer their questions. 

When asked, ''Will a flashlight work if the batteries are turned upside down?” 
suggest that the pupil try to find the answer. 

Suggest investigations that pupils might conduct in their study of the behavior 
of mealworms without requiring that the suggestions be carried out 

E. Relevance of science. The teacher will state how the lives of some mem- 
bers of a community have been affected by science and technology resulting 
from science. 

1. Suggest investigations of the development and use of forms of energy 
such as electricity and nuclear energy. 

2. Plan and conduct a visit to an installation which processes the wastes 
of society. 

3. Suggest investigations that will illustrate the effects of waste products 
from engines upon plant and animal life. 

THE PROCESSES OF SCIENCE 

Guideline III. The science experiences for elementary teachers should 
develop competence in inquiry skills or processes of scientific inquiry, 

• What processes has the institution identified as important 
characteristics of scientific inquiry? 

- , • What evidence is provided that teachers make use of process 
skills in their study of science? " 

• What evidence is provided that teachers continue to use 
these skills in their own teaching? 

• What is done to develop an awareness of instances in which 
commonly accept^ scientific laws break down? 

A. Observation and inference. The teachers will distinguish observations 
and evidence from inferences and conclusions, and will demonstrate his 
ability to make reasonable inferences when presented with empirical data^ 
For example: 

1. Given data concerning the fossil records of a region, voluntarily con- 
struct inferences concerning its geologic history. 

2. Construct testable Inferences to explain the unusual growth rate of a 
plant without being asked to do so. 

B; Variables. Through the observation of a' phenomenon the teacher will 
be able to state a problem to be investigated, identify the variables which 
affect the results of the investigation and how and why they are or are not 
controlled. , 

C. Definitiphs. Tbe teacher will distinguish between operational and con- 
ceptual deWtipns. 

D. Measurement, the teacher will dertionstrate the measurement of varr-> 
ables such as lepgth, mass, force, time, temperature, and volume in standard 
and arbitrary ;uhits and estimate the error of measurement. The following 
areas should be included: 






Determination of Magnitudes 

Rnding rate of change, given measurements that change with time 
Probability and uncertainty 

E. Classification. The teacher will construct a classification scheme for 

a set of objects, given objects which differ in more than one way Use a 

given clarification scheme to identity living and nonliving materials. Objects 

from the biological, physical and earth sciences should be used for classifica- 
lion. 

F. Ori^nization of data. The teacher will collect and organize data and 
describe the rationale for the organization. 

1. Present data obtained in a science experiment by describing, drawing 
a diagram, graphing, or tabulating. 

collected which shows the volume of a confined 

G. ^sfruciing hypotheses and generalizations. The teacher will construct 
a hypothesis, or generalization based on data or a question. 

1. Constmct a hypothesis to explain an unfamiliar phenomenon demon- 
strated by the professor or shown in a film clip. 

H. Toting hj^theses. The teacher will construct an experimental test of 
a hypothesis, inference, generalization, .or question. 

I. "Test the validity of the hypothesis made to explain an unfamiliar phe- 
nomenon by performing an appropriate experiment. 

»"<' generalizations. The teacher will accept, reject, 

fh 1.° jVliOihe^, and generalizations based on new data and describe 
the basis of the decision. 

1. Modify a generalization and justify the modification on the basis of 
empirical data or of assumptions of a theory. 

feex^SilhoS^'*'"® •*“ temperatures over which the generalization 

fj' ^ ‘ef'hec will demonstrate a recognition of the need 

or information in some situation by searching out the information 

or designing an experiment. 

1. When confronted with alternative interpretations of data Which are ob- 
tained, xheck the results by returning to the laboratory or referring 

to a rieference work to obtain additional data. ® 

K. Communication. The teacher will describe an experiment orally or in 
mating With sufficient clarity that another person could replicate the, experi- 

irai"Jl!rffr' will devise and use'a mathematical or phys- 

and Se^S ™ ^ 'O"*®'"® ‘h® <Ssential variables 
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SCIENTIFIC KNOWLEDGE 

The elementary teacher should possess a background of sciencb informa- 
lly?:. " '^“[''■““['able and unnecessary to expect elementary teachers to 
learn all of their science while they are teaching it to children. Vet elementary 
teachers frequently complain that this is precisely what they are required to 
0 because they see no relationship between the content and mode of iristruc- 
tiOT of their college courses and science they are expected to teach. Efforts 
should be made to relate the science topics that are taught to teachers to the 
Mience topics that are taught to children." The college professor must con- 
rtantly remind himself that the teachers will not become research scientists. 
They may benefit more from qualitative and semi-quantitative treatments which 
are corrert but incompiete than from rigorous arguments which depend on 
sophistication or logical subtleties that they unprepared to 

To accomplish the objective of providing appropriate science education for 
teachers, professors of education and professors of science must cooperate 
in planning an^ impiernenting these science programs. 

confcnl of college science experiences for elemeniary 
teachers should he selected so that the topics studm^ i^ei^s provide, 

hacUground for the topics taught in elementary 

• What evidence is there that the topics treated in the colfece 
science experiences fbr teachers prepare theteache? to dS 

^ " effectively with science in elementary ^hools? 

• What mechanisrn is used to assure that the college exDeri- 

ences are periodically revissd to reflect changes in sctence 
at the elementary school level? * ' 

• .communication are used to ensure 

" orrfm?f periodically feei^amlries andj revises, its pro- 

changes at other educational levels! 

"hat evidence is there that the content is structured to 
2® to utilize the fundamental conce^ S 

science as a* unifying rationale for all natural 'phenomena? 



Suggested Topics 






Characteristics and structure of matter.” The tracher will 
r hpm Vfli iiving.and nonliving objects in terms of their physical, 

and biological composition, characteristics, and structure. He will 
demonstrate the use vhe particle nature of matter— molecules, atoms. 



Te?.? b. dictated by elementary pm- 

thl* be taken to consider the science* that*hetamml«~*"* ®*®** 

ttK”wirb?5?j?u Wit,!. 



“See Appendix C for a further development of this topic. 
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atomic nuclei — and kinetic theory to explain the observations he describes. 
The following areas should be included: 

Physical properties such as density, viscosity, pressure, solubilify, elas- 
ticity, surface tension 

Physical changes In physical, biological and geological systems 
Morphology of living things 
Atomic theory 
Kinetic theory 

B. Interactions of matter. The teacher will describe observed interactions 
of living and nonliving matter using concepts such as forces, electrical charge, 
magnetic fields, biological tropisms, and food webs. He will construct hypoth* 
eses and tests of hypotheses concerning the observed iriteractions. 

C. Conversion and conservation of energy. The teacher will demonstrate 
the conversion of energy from one to another, will measure the amounts of 
energy transformed, and will search for sources of energy loss when observa* 
tions appear to contradict the generalization that energy is conserved. The 
following areas should be included: 

Transfer of energy 

Transformation of energy in living and nonliving systems 
Conservation of energy 
Energy carried by waves 

D. Growth and reproduction. The teacher will describe the processes of 
growth and reproduction in plants and animals including man. 

E. Evolution and genetics. The teacher will construct inferences. about the 
long range effects of selective mating and genetjc mutation on plant and 
animal communities and sometimes including human communities and so* 
cieties. Topics should include the following. 

Variation 

Adaptation 

Mutation 

Principles of Evolution and Genetics 
Structure and Function 

F. Ecology. The teacher will describe the interactions which exi^t among 
living organisms in ecosystems. 

G. Human perception, learning, and behavior. The teacher will describe 

the neurological basis of perception, learning, and behavior. V * 

H. Conceptual structure and world view. The teacher will describe the, 
nature of the earth, the universe and the biotic world and construct physical 
and mental models that can be used to explain natural phenomena they en- 
counter. The following areas should be considered: 

Observational astronomy 
' Historical geology' . 

I. The development of scientific ideas. The teacher wilt describe the rela* 



tionship of the progress of science to the development of modern thought. 
The unknowns of science as well as the knowns 
The failures as well as the successes of scientific endeavors 
The relationships of scientific disciplines to each other 

J. Social implications of science. The teacher will state evidence of changes 
in society and culture that have resulted from the products of scientific work, 
and of the influence of social conditions on scientific activities. 

Relationship of science to the progress of civilization 

The cybernetics aspects of scientific thought and social phenomena 

CONTINUOUS LEARNING 

Science experiences should develop in teachers habits of continually seek- 
ing new information, of testing old concepts against new ideas, and of modi- 
fying their instructural procedures if new information about science or learning 
suggest modification. The way in which science is taught can have a significant 
effect on developing these habits in teachers. Developing the habit of con- 
tinuous learning in teachers is probably the single most important outcome 
of preseryice education. Without the habit, a teacher will quickly become 
obsolete and ineffective; with it, he can continually improve his teaching skill 
and effectiveness. Without the habit he will have difficulty coping with future 
changes in elementary science education; with it he will welcome the challenge 
of change. 

Guideline V, Science experiences should be selected so as to develop 
a capacity and disposition for continuous learning which the teacher should 
demonstrate by engaging in science activities which will provide new in^ 
formation and experiences capable of affecting existing attitudes, ideas, and 
teaching, 

• What experiences are provided through which the teacher 
can develop a capacity and disposition for continuous learn- 
ing? 

• What evidence is there that new information and experiences 
affect the teacher’s attitudes, ideas, and teaching? 

• What encouragement and opportunity are given to teachers 
exhibiting these behaviors? 

Objectives 

A. Capacity and disposition for continuous learning. The teacher will dem- 
onstrate his capacity and disposition for continuous learning by habitually 
engaging in activities which will provide new information capable of affecting 
existing attitudes and ideas. 

1.' Identify and describe view points on contemporary scientific issues and 
on the learning process as presented in current literature, or through 
personal contacts. 

Describe arguments for and against the use of an insecticide and suggest pos- 
sible safeguards, after reading an article about potential damage. to, wildlife from 
uncontrolled use of thb insecticide. 
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P«*«s, infer the 



O^MWUI programs. 

anTel'SLI^Luef ‘° '““o" 



lantiA# .... ' 



®«“‘-^«unai pmiosophies. ‘ 

■ luntC"* events in different fields 



TeS; t&arassr’s'f ras 

me^"*” ®""e *"' '"'“relationships between sciemific and political develop^ 



acw^n^**"***® '" ®^““tional background and correct them 



writSg^hem 'by raadtrS'S^ such''S S' •’"t®""®"'* objectives, develop skill in 

'"foreied\onSl«.*”**^“‘'*'°”®* O'’/""'"** hy Mager 

L'w'lSft?”"'^''*^^ i"* ""V* 

anility to use current ooDular oi* «somi I!l^ T®*’ the moon, demonstrate his 
•nformation afx,utthe caSe^f^^he grlSlTaa^^^ “gularitSs **®"°‘*'“'* ”*^^obtaS 



, .. . Science Teachers 

-Ce between the person 

The question of whether science should Ha ♦ special science teacher, 

teacher responsible for all X suW^^v^s^ ♦"e 

an«s and good arguments 

>etende?lhSr tctr“S tus'^t's 

hat IS to be taught in elementarv crhnnie +1,’ *u^ nature of the science 
ation that dictates the requirements of **’® '"®*™'*ienal organ!- 

luestion is what any tSr X te^h« 

It the.same time the desirabihw of h»® *’® lualified to do. 

s fully recognized °* "“ving some teachers who can do more. 

>^'n tordIXmem 7cumSm maf T“" if" ^ 

f ether teachers. The special education 

socialist Is commonly postservice rathpr +h ^ science 

F». - w « « •rS*" 



... ... ^*** ®®"*P«tenctes Reasonable? 

mpetencies'thrt af^deSerin^^^^ teases possess many of the 
k.y much Of 
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modern high school courses. It cannot be overemphasized that the t^her is 

^reqi^ before he can do the same thing with recks and ~ls. The^^ ^ 
every^reason to believe that the proper coordination and '"'•‘"‘'“f f 
science instruction can eliminate needless repetition and conserve conside 

able time needed for other activities. 



I. 
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CHILDREN, TEACHING, AND SCHOOLS 

process skills described in Cnapte , e e ^ believe in 

o“«e. dfss^!'’defiro^rationa^^ or to make and test a hypothesis; it is 

sTi 

-J^cribed may be applicable to other 
^^^ere may be some -fum-Uhat l^e ^ 

that are described in this chapter should b xu.- *i,an gs abilities to 

students seeking entrance into teacher However they are viewed, 

be developed as a part of the preservice P^gram^ However they are 

they are behaviors crucial to effective science teach mg. , 

t 

A Suggested Program 

Much of «hat prospective teachers 

second undei graduate year wnen ine h f„ft,rp career. These early 

and other courses which provide background o ^ teaching 

anH Hpsicned to focus attention on panicuiar suicuuc o 

SratS P^istoT should be made for the teacher to suggest possible 

?r?5r»“ S.S: -ss; s .. .« ..... .. . 
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self-contained c!assnx,m or as a " 

tunities should be provided for the s u . student shows proficiency 

the student's teaching performance. P™ceed to 

!::,s I 

the science classroom. . _ 

would teach without constant supe i .--.jaijsts and others would be 
psychologists, consultants, f a problem he is 

t-TS 

a^d 

fchXis one of the institutional standards set forth in Chapter 6. 

Cooperative institution and school activities provide for ®^g 

i*if* 

suited in planning college science programs m order that these more 

tically reflect the needs of teachers. 

The behaviors of science teachers outlined below are presente ^ ^ 

j»Th« t«rm •'Dort«l school" Is borrowed from A 



^ideHnef ^ «®P“«»y helpful in the development 



GnMeBne FI T* • - 

»hoM provide •^perotivay ^ 

iWlop. the ,kOU requirJ^or e^^'^ *" that H 

program. ^ * *#««**»« instruction in the sdent 

* Srre'^Samttion f„ K WentHied as requiied ft 

perfbrmOTo?lsuse?to°2n?bl'^MD«^^ describing teachin 
members to anafiS the^eSSif *®achers and stai 

are demonstrated? " ^ ^ mstructional sMI 

children'^nd* schS^ave?eer?dev?on2l® 

Objectives 

in the cS^l^the^Scter'wHr^^^ “f P" a<^-% 

• <®> 0^ process 

2. Identify examples of objectives whirh ^ 

Fram a list of science oh^ . ^ ® *“ systematic thinking, 

applicabon, analysis, orsyntheJi!!lsSM P“l>" »« “*• 

3. Identify examples of objectives which relate to creabve think- 

si^mcgia?“n"^^^^^^ *Wch contribute to 
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B. The learning environment. The teacher will demonstrate the organization 

ana maintenance during instruction of a classroom environment which fosters 
inqjuiiy. 

1. Schedule class time to allow for both group and individual activities 
desjgned to accomplish specific objectives. 

2. Demonstrate the introduction of a science activity in such a way that 
pupils are motivated to conduct investigations. 

3. Create an atmosphere in which children participate freely in planning, 
carrying out, and interpreting results of Investigations. 

4. Use questions to assist children in conducting an Investigation without 
telling them what to do or giving away the expected results. 

5. Arrange instructional resources in the classroom to maximize pupil inter- 
action with the materials. 

Collect materials locally to be used in an exercise on classification. 

6. Locate and use instructional resources available in the school and com- 
munity. 

Locate resource books for children to read on the care of animals in the classroom. 

7 . List sources of science materials. 

clalsrSims^* sources of chemicals that might be used in elementary 



C. Instructional strategies. The teacher will demonstrate the ability to select 
and use a variety of learning strategies appropriate to various learning require- 

1. Given an objective for science instruction, select materials, media, and 
activities in terms of the needs and characteristics of his group and the 
individual children in the group. 

2. Identify instructional materials and learning activities for different learner 
interests and capabilities. 

3. Encourage and enable the children to plan, carry t)ut, and interpret the 
results of class or Individual investigations. 

4. Modify planned strategies as a result of unexpected pupil performance. 

5. State the basis for his selection of learning strategies. 

6. Demonstrate the ability to use effectively both the hardware and software 

of instructional technology and the willingness to learn how to use new 
technology. 



D. Constructing a sequence of learning activities. The teacher will construct 
a sequence of learning activities on the basis of long-range objectives and 
Knowledge of prior pupil performance. 

1. Select, or construct, alternative learning activities when pupils demon- 
strate^that they have achieved the objective of a science activity prior 
to Its being carried out. 



2. 



3. 



“h alternative science activities when the prior instruc- 

tion has been unsuccessful. '"syuc 

^nstruct appropriate and significant science activities for pupils whose 

hTterJat ^ ^ ^ ® two-month) time 

5; Identify the experiences, information, and conceptual knowledge ore- 
requisrte to specific science principles, laws, and theories. 

■ P^se's“fcSem"" *° *'’« ^avelopment of logical 

E. Evalfiation of pupil progress. The teacher will demonstrate the use of 
fiedTbiertiV« “to assessment devices to determine whether speci- 

fchievS "’** have been 

fw^e “la"“ assessment items which 

Sm1iS"ce““''*'“" ^aaponses to assess- 

l^riws assessment devices to determine the degree to which pupils 
possess necessary prerequisites for a learning task in science. 

a^vitfeY**”'** evaluation in planning subsequent science learning 

of evaluation to pupils and irarents so that it is 
science '’eeso"able progress in 



3. 



4. 



5. 



^ .J REUTIONS with children 

.pSI • •Se«« ••«»« tha, the Uacher po.«^e. 

/ot e^ectfee human rehOom wUh ehUdren m SL dau- 
*7” !^ “7 continually .creening candidale. for tim tia.<har 

Sd to assISf thSteST learning experiences are pro- 
“ assure that teachers possess the desired behaviors? 

Objectives 

A. R^ognition of the importance of Individual children. The teacher will 

to accept pupils as Individuals by resiTdinTto^^^^^^^^^ 
festations of individual differences in a controlled manner. 
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1. Demonstrate ability to guide pupils who are creative! who ask probing 
questions and who present challenging ideas in science. 

2. Exhibit competence in working with the pupil who has poor manipulative 
skills in handling equipment or who is slow In acquiring process skills 
by providing experiences In which the child can succeed, by giving words 
of encouragement, and by deferring required performance when the 
child shows evidence of extreme frustration. 

3. Demonstrate empathy, appreciation, and ability to work with children 
of divergent backgrounds and interests that affect their motivation for 
participation in science experiences. 

4. Demonstrate empathy toward pupils with personal problems by modify- 
ing requirements for the individual and obtaining professional outside 
help where necessary. 

5. Encourage the child to express himself in those ways which are most 
familiar and understandable to the child, in speech patterns other than 
the conventional, allowing the child to express himself in a variety of 
ways, such as through pictures, demonstrations, models, and role play- 
ing activities. 

6. Demonstrate faith in the ability of each child to make a valid contribu- 
tion to the solution of the group's problems by listening to and accepting 
the ideas and suggestions of each pupil. 

7. Demonstrate the ability to assist pupils in becoming tnore sensitive to 
the needs and capacities of other pupils, by encouraging them to ask 
questions of each other, to respond to the questions posed by other 
pupils, and to plan together to solve problems. 

B. Showing confidence and flexibility in relations with children. The teacher 
will demonstrate confidence and flexibility by making reasonable alterations in 
teaching procedures in the face of unexpected events. 

1. Demonstrate self-control over attitudes, feelings, and emotional reactions 
as shown by voice quality or facial and body gestures when responding 
to children, and ability to listen to children with interest and involve- 
ment. 

2. Demonstrate confidence In his knowledge of' science by failure to display 
frustration or embarrassment in the face of questions that he cannot 
answer. 

3. Demonstrate the ability tc turn ambiguity and unpredictable events 
which occur during the course of a science investigation Into learning 
experiences. 

4. Foster an atmosphere in which individual children and small groups 
can work independently in science. 

5. Demonstrate the ability to guide children in making plans for a science 
activity without making the decisions for them. 
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6. Demonstrate the ability to assist pupils in carrying out and in interpret- 
ing the results without telling them what must be done or what ral- 
elusions are reasonable. 

REIATIONS WITH OTHER TEACHERS AND THE ADMINISTRATION 
n his preservice years the teacher must learn about relationshios amon^ 
members of the school staff. He must be able to work effeS“^^^ 
administrators, and other teachers. The development of these Lilities is thP 
concern of Guideline VII. Guidelines of the USOE Model Projects also orovidP 
needed guidance on the development of these important c5^ncL“ * 

natP assumes a teaching position the teacher may be asked to particl- 
he a Mif rantefn^^i''^"®*'' l»«ems for instruction. He may 

mfy wrkTs’a rlZ^^ r other supervisory or administrative personnel. He 

tivek^sL tn ‘earn, a practice that can be effec- 

roleVt^»l*r^^'"® ^ ** ™POrtant that he understand the 

role of the teacher, assistant teacher, teacher aide, educational clerk media 

He sh™!w rf °*her members of the instructional staff or team 

e^ec^ ?sc^ire1n‘r^^^^ 

rnmelrl* "hich follovifs. Relations with the Community the 

achers of science. Nevertheless the Importance now placed on science and 

rorten«Tr%f ‘hese' abilities of special im- 

^rfance for the science teacher. The authors of this Report and the confer 

spovinced that these competencies should not be over- 
looked even when attention is focused on science education. 

*"j* "“***“*"“ *lunM provide experieneet tvhieh tviU 
, ^ develop cooperative ivorlting rehtioiuhip, mith other 

of the school faculty which he join, and to 
^ effecbvdy m a variety of organaational pattern, for ,eience butruc 

• of the kind of relatianshios that Hu 

5r. expenences are planned to assist the teacher 

• ^at expenences are provided in which the teacher fimr 

• VwIS different modes of science instruction? . 

effective in dSelopiJ? th^delSrVJSS^ISe^^^^^^ 

to»^rd"*“??L’Str"!!S''“t'*- his sensitivity 

leagues He , ®*'’®'' ‘®“!'®''® persons and as professional col- 

h . ^ appreciabon for the contributions .of other teachers to 
the total school program, to the science program, to each other, 00 ^,!, 
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1 Demonstrate respect for the opinions of others. Listen to what others 
have to say about science and science instruction. Seek rational bases 
for the views of others when they are different from his own. 

2. Seek assistance and counsel from more experienced colleagues, includ- 
ing secondary school science teachers, and take appropriate action. 

3. Demonstrate the ability to tolerate differences in values, language, and 
behavior patterns of other teachers. 

4. Demonstrate self-control by not showing frustration or anger in the face 
of probing questions or ideas which challenge his own position. 

5. Exhibit courage and confidence in his ability by taking considered artton 
that may be criticized by others. Agree or disagree with policy set by 

teacher groups and give reasons for his position. 

6. Demonstrate the ability to show appreciation for the achievement of 
his colleagues, and recognition given this achievement. 

B. delations with the administration. The teacher will demonstrate the Mine 

sensitivity toward, and respect for, the administration of the school, as he 
shows for his fellow teachers. The behaviors described ^ 

to administrators as well as teachers, and there are, in addition, Mme s^ia 
reSshfps which he needs to be prepared to carry out with emotional 

maturity. , j 

1. Demonstrate respect for the authority that the school system has placed 

in the office of the administrator. 

2. Where differences of opinion arise concerning the science program, pre- 
sent evidence in support of the teacher s point of view. 

C. Relations as a member of an instructional team. The teacher will demon- 
strate the ability to contribute to cooperative team planning of science instr u c - 
tion, and to work in a team without alienating others or becoming alienated. 

1. Demonstrate the ability to cooperate in team planning 

and accepting compromises while developing or prescribing science 

activities to be carried out by the cooperating team. 

2 Modify teaching behaviors consistent with cooperative teaching. 

3. Direct a teacher aide in a task supporting the team effort without alienat- 
ing the aide. 

4. Modify the directions given to supporting personnel on the basis of t eir 
suggestions. 

5. Accept directions or help from another mernber of an instructional team 
in science without demonstrating personal disaffection. 

RELATIONS WITH THE COMMUNITY 

In his preseivice years the teacher must leam about schools and their rela- 
tionship' Tthe comLnity. He must be able to work effectively With paients. 
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He will he called upon to meet with community groups interested in the 
schools, and he should be prepared to listen to their ideas and present his own 
in a straightforward and confident manner. The importance now placed on 
science by many in the community will provide the science teacher special 
opportunities to discuss his school’s science program. As a part of his prep- 
aration to work cooperatively with the community, he must learn about the 
school as a part of the community and the school as an essential part of a 

democratic society. 

Guideline IX. Experiences in schools and in a dommunity should he 
provided to develop d sensitivity toward, and an appreciMion for, the 
school as a part of the community and as a democratic institution, and 

for individuals in the community. - • 

• What kinds of experiences are planned to assirt in dev^^^^ 

ing a sensitivity for and an appreciation of the values of the 
community in which he teaches? /, x,. * u 

• What kinds of experiences are planned to ®nabje the tea<m^ 

to learn about schools as an essential part of the community 
and national well-being? . ^ ....... *u- 

• What evidence is there of the kind of relationships tl^ 
teacher establishes with adults of occupation and interests 
different from his own? 



A. Relations with parents. The teacher will demonstrate his understanding 
that good relations with parents can be an important asset in the development 
of an effective science program. 

1. Describe the results of evaluation to parents so that it is clear whether 
the pupil is making reasonable progress in science. 

2. Recognize the personal concern of a parent for his child, and show 
respect and appreciation for this concern. 

3. Show patience when a parent values his child’s welfare above that of 
the class as a whole. 

4. demonstrate respect for the opinion of parents. 

5. Encourage parents to relate out-of-school science experiences in which 
their children are involved. 

B. Relations with the community. The teacher will take into account the 
local community values and institutions as he works with his class and in his 
school, and will demonstrate an active interest in local community values and 

institutions. •*. j 

1. Demonstrate a knowledge of the science resources of a community and 
the ability to capitalize on these resources to create a more effective 
teaching situation in science. 

A 'Child’s parent who is a scientist Is Invited to assist children with individual 
study projects. 

A visit to a conservation dam is planned. 

2. Present science experiences which allow pupils to reexamine prejudged 
values and stereotypes. 



3. Become aware of local values, including altitudes toward science and 
science education. 

4. Demonstrate an active interest through participation in local community 

affairs. , , .. 

*; Indicate through his actions an acceptance of the people of the com- 
mun^ tS he may disagme with some of their values and mores. 

C The School as a democratic institution. The teacher will 
knowledge of the school as a part of a community, and as an essential demo- 

cratic institution in society. nt 

1 Demonstrate pride in his school and his profession, and in the kinds of 
icience experiences that children In his class are having. 

2 Recognize the role of the school in community life. » 

3. Take an active interest in local, state, and national affairs thai affect 

education and its support. 



THE TEACHER AS A LIBERALLY EDUCATED PERSON 



This Report would be incomplete without full recognition of the importance 
3f liberal education in the preservice education of elementary teachers. All 
teachers must be liberally educated persons, and consideration of this require- 
ment must be foremost in the development of teacher education programs. But 
the seven conferences were not structured to involve all of the many persons 
who must have a part in the planning and carrying put of liberal education 
programs. Because of this, no attempt has been made to provide guidelines for 
liberal education, even though this responsibility of teacher education institu- 
tions is clearly recognized.^® 

Liberal education is commonly defined by a prescribed number of courses 
In the humanities, social sciences, natural sciences, and the arts. Robert Bush 
describes it as “an education which liberates the mind from the shackles of 
prejudice and superstition and the confines of a single culture, that permits 
one to move freely and joyfully in the past and the present and to speculate 
objectively with his fellow men about the future.” 

Such a definition admits that a liberal education is not achieved by the 
simple acquisition of a. core of knowledge, however complete It may be. It 
must include an understanding of the interrelationships among ideas and 
people. It is an active pursuit which never ends. 

Many activities other than formal courses can contribute to a liberal edu- 
cation. Colleges provide valuable informal experiences in the form of concerts, 
lectures, and plays; in some colleges, students attend these activities; in none 
are they a way to satisfy requirements for graduation. Is it not possible to 
encourage participation in these and other informal activities as a means of 
satisfying the need for a liberal education? Why not provide areas in dormi- 
tories or in student centers where students can paint, make pottery, and do 
wood or metal work? Off-campus experiences such as living or working in a 
ghetto area, visiting courtrooms or hospital emergency rooms, or working for 
agencies where the student would have close contact with segments of society 
with which he lacks familiarity could contribute to the student’s education in 
a way that is impossible through formal study. 

-Far too little has been done to recognize the contribution that such activities 
can make toward the education of the liberal man. Procedures can and shoujd 
be devised to include informal learning experiences in the. liberal education 
program, to devise a means to assure that the experiences result in the leam- 
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ing that was intended, and to recognize the contribution that is made to the 
degree program. ® 

Informal experiences can help students relate ideas to the “real world” of 
institutions and to associate the ideas from one field of study 
with those from another. But the organizatioh of formal courses must also be 
considered. There is a place for interdisciplinary courses and a great deal mc-e 
can be done m courses within a discipline to relate ideas to other fields. Certain 
by sociologists could contribute to the course in biology, historfens 
could contribute to the course in chemistry, anthropologists have something 
to say about ancient history, economists about urban culture. Such possibilities 
are limited only by the energy and imagination of the professor. ^ 

Appropriate science experiences can also contribute to the liberal education 
of teachers. However, as Arnold Arons points out « “little of . . . the Intel- 

penetrated the text books and 
w ^ general education programs.” It is not enough 

/f ^ 1 ° the results of scientific inquiry and to expect them 

hp lihT 'ntellectual insights into the scientific process by themselves. To 
be liberally educated in science, teachers should learn that scientific concepts 
are created by acts of human Intelligence and are not merely objects that are 
iscovered. Arons suggests, for example, that it would contribute to the liberal 
education of a sfedent if he were to understand that Galileo intuitively selected 
the concept of falling bodies, change ofvelocity with time, rather than the 
a ernative, ®qually logical, but less elegant concept of change of velocity with 
istance. By means such as this students would “have the opportunity to 
examine what happened, to relive some of the Intellectual experience, and to 

itriilmrtattons^^^^^^^^^ recognize its logic, its strengths and 

Three questions must be considered by those who design experiences for 
teachers in the area of liberal education; How does one equip the teacher 
emotiona ly and intellectually for the uncertain world of the future? How does 
one deve op the capacity and disposition for continuous learning? How does 
one develop a sensitivity toward and appreciation for individuals—including 
thoae individuals whose ideas are different from his own? 

The acquisition of the behaviors described in the objectives of Chapters 2 

^* *’® Py questions and thus con- 

tribute to the liberal education program. 

♦o I? rapid social change, instant communication, and accelerated 

technological development, the need for better understanding among individ- 
ua^ from different cultural traditions is more important than ever before in 
history. Our society is troubled by individuals who questioii the values of our 
institutions and the effectiveness of our political systems. Society is confronted 



p^SMS*. Inquiry, Arnold Arons, in Chang§ In Higher Education, . M»y-Juna 1969, 
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by the fact that various ethnic groups have been deprived of opportunities that 
are taken for granted by others. The disparity between the material wealth of 
different nations Is forcefully displayed by the mass media. All of these forces 
compel each individual to question his philosophical position and his obligation 
as a citizen of the world. Surely a liberal education should prepare teachers to 
face these and other social Issues openly and with rational consideration. 

Educators must face the fact that much of what we teach today will be 
obsolete or iirelevant in the near future. Perhaps the most Important character- 
istic of the liberal man is his ability to keep informed and his willingness to 
adapt to changing conditions. We must educate for the future. 

Experiences that prepare teachers for the future — ^that prepare them for 
continual self-renewal and rational adjustment to inevitable change — are an 
essential part of their preparation. Experiences in science and with children 
and schools contribute to the development of necessary attitudes and skills 
but they will not be sufficient. It will be necessary for many other groups to 
give serious consideration to this problem and to provide the needed guidelines 
and descriptions of behavior that characterize the liberal man. 



RESEARCH AND DEVELOPMENT 

Development Projects 



Science Programs 

College science courses should be developed which will accomplish the 
objectives outlined in Chapter 2 and which will provide a more appropriate 
model for teaching science to children. Several new promising science courses 
for college students who are not science majors have been prepared in recent 
years. However, performance specifications are not stated for these courses and 
little provision is made for individualized instruction. The relationship between 
vifhat is taught in the courses and what is taught in schools is not always clear. 

It is possible for each institution to develop its own science materials but 
the personnel and finaiicial resources that would be required for the under- 
taking that is envisioned preclude this procedure. It is desirable that sets of 
materials be developed by a number of different groups so that the teacher 
education institutions will have several programs from which to choose. The 
programs should be developed cooperatively by speciaiists in science and 
specialists in education, including educational psychologists; The materials 
should be field tested and carefully evaluated before they are widely used. 
Some suggested characteristics of a science program for teachers are outlined 
below. 

• Objectives: The science requirement for elementary teachers and the in- 
structional materials that they would study would be based on perform- 
ance objectives. With necessary elaboration and modification the objec- 
tives outlined in Guidelines I through V could provide the framework for 
these specifications. 

• Assessment: Assessment devices which correspond to the performance 
objectives would be developed to evaluate quantitatively the effectiveness 
of the instructional materials. The quantitative results of performance 
assessments should be the major criteria in deciding on needed revision 
of the instructional materials. "" 

• Individualized instruction:^’ The instruction would be individualized so that 
students can satisfy the requirements in different ways and in different 
lengths of time. In support of the individualized instruction, entry level 
tests (Does the student possess the prerequisites for the course?) and 



» Both th« IntoriMdiat* Scionc* Curriculum Study (ISCS) at Florida State Univarsity and tha Audio 
Tutorial prMram at ^rdua University have characteristics of indivMuaiized instruction.- Although 
naithar of these provides an exact mcKlel for tho materials that should be developed, ea^ contains 
Ideas that couM be incorporated. 



diagnostic testS (What competencies in the course does the student al- 
ready possess?) should be designed. Students who demonstrate a particu- 
lar competency before Instruction would by-pass activities designed to 
develop that competency. 

• Inquiry: The instructional materials in the proposed science program 
would emphasize the processes of- science as well as science concepts. 
Process is used in a broad sense; emphasis should be on developing the 
skills of scientific inquiry rather than oh accumulated knowledge. 

• Concepts: A science course which emphasizes process should also teach 
science concepts. Concepts should be drawn from areas nhrnially tre;^^^ 
inthe new elementary science courses.^ 

• Laboratory: The course would be organized, around the laboratory,”* in 
the broadest sense of the word^ including field work, and students should 
have opportunities to conduct investigations of their own design. Student 
progress should be checked frequently and remedial activities or alterna- 

> tive exercises prescribed when they are rieieded. ' / 

• Integrated sequences: The science experiences for elementary teachers 
.would compii^ an integrated sequence including physical, biological, and 
earth sciences. As a first step, major improvements could be made if 
separate materials in physical science, including earth science, and bio- 
logical science were developed. 

• Relevance and Interest:. Emphasis should be placed on the careful selec* 
tion of science experiences that will be both releyant and enjoyable. 
Materials should be developed that, treat problemsr related to the impact 

. of science and technology on society and the environment. The limitations 
as well as the power of science should be considered. . 

- Development of cpures with the^ characteri^ics must respond to the 
reality of large enrollnrients and limited resources. Alternatives must be sought 
for -effecting desired learning among large numbers of students by small 
numbers of qualified professors. A person of professional rank should have 
primary responsibility for the organization of each course, and he should be 
proyided an adequate number of assistants to perform instructional,, technical, 
and clerical functions. The professor must have direct confapt with the stu- 
dents enrolled and the students must have ample opportunities to discuss 
scientific concepts with the staff and with each other. Furthernioie It will not 
be'enougH to provide student materials alone. Written teacher’s guides should 
be developed simultaneously with new course materials designed for Students. 

Conducting studies of science teaching, pyactices. Assuming th^ the future 
science teaching practices of the elementary school teacher will strongly 
influehc^ by the style of teaching in his college science courses, a number of 
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fref * “'«*“"y considered. Some 

InnudTnT**®'"® **“*"* '****«®" 

2. The climate of the learning environment. 

3. Individualization of instruction. 

4. Active participation of students in setting goals for their own learning. 

. Greater emphasis on laboratory investigations than on lectures 

6. Laboi^nr investigation rather than cookbook laboratory manuals. 

7. of a variety of learning materials rather than a single textbook. 

8. Attitude tovyard science and learning. 

Education Programs 

as^nii" “TirSsoF"rHTf "««®PP'»=‘:hes in education as well 

veloomem P'®''** ®'"P'® suggestions for the de- 

^ materials — ^thelr influence could be revolutionanr THp 

si^ific ref^nce*te*rf-* •*i°" P'®P®'^*'°'' ‘he elenientary teacher without 

disciplines as such, but the framework of these Models 

ff pire '"r prepai^ion to tS^sJi^e 

tinn 1°^ education with special interest and responsibility for orepara- 

rkirrr^TrinSir^^^^^ 

exp'^^fnc^S' child- "PPdPd in pregrems to piovide 

experiences with children and schools. Specific behaviors desirable for teach 

Sonfo characteristics of proposed development projects are the followinp 

* 7*“ “•uest'on requirement for elementaiy teachers and the 
mstructional matenals that they would study should be based on per- 

oL^^f 0^1 elaboration and modification the 

n^L^l f ^ ’’pPPrt under Guidelines VI through IX could 

provid^ the framework for these specifications. ^ - - 

• AMe^enb Assessment devices which correspond to tlie performance 
tfoiSf''*®t"'®? ““ developed to evaluate the effectiveness of the instriic- 

of performance aJ1^«m^, 

Should be used to suggest modifications of the education program^ 
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• IndiYidualiz^ ins^ction: It is recommended that much of the instruc- 
ti^ be individualized so that students can satisfy the requirements in 
different ways and in different lengths of time. In support of the individ^ 
ualized instruction entry tests (Does the student possess the prerequisites 
needed for the course?) and diagnostic tests (What competencies in thq 
course does the student already possess?) must be designed. Students 
who demonstrate a particular competency before Instruction would by- 
pass activities designed to develop that competency. 

• Service ^ters: “Professional service centers" In teacher training Insti- 
tiffions should be established where the students could obtain advice 
about problerns they encounter In teaching without the threat that Is often 
assc^iated with taking problems to- college supervisors or cooperating 
teachers. Such centers should have specialists In testings in audio-visual 
materials, and in systemic design of teaching methods, and psychol- 
ogists available for consultation by students. 



• Vicarious teaching experiences: Rimed classroom episodes showing good 
science teaching, and associated study materials In which the prospective 
teacher Identifies appropriate teaching strategies should be prepared. 

• Mfcro-teaching: Simulation and micro-teaching materials designed 
especially for teaching science should be prepared. The materials should 
be arranged in sequence to progress from teaching one child, to two or 

three, to larger groups as preparation for teaching science In the usual 
Class of thirty or more. 

• Practical experiences: Organization of „^m^marsr^on one^^^^ of the 
new elementary programs including opportunities to teach units from 
these programs to children is recommended. 

“Invitations to Inquiry,” a collection of sug- 
gested investigations in science which could be done by teachers inde- 

pendently or In small groups outside formal class organizations, should 
‘ be developed. 



. • Action research: Students and teachers should have responsibilities In 
research and development projects related to college and pre-college 
saence education. The Involvement itself could lead to greater under- 
standing of and more positive attitudes toward learning and teaching 
science. It would provide a major personnel resource necessary to ac- 
complish development and change in science education. Experiences in 
Which teams of students and professors cooperate In the development 
and field trial of experimental units In science should be provided. 

OK>perative Arrangements with Schools 

responsible for the preparation of teachers 
need closer contact with changing programs in the schools. Models which 
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provide for sharing the responsibility for teacher education between college 
and school personnel are needed. Such models should provide for joint financ- 
ing of programs and for cooperative efforts in making decisions about the 
program. Provision should be made for classroom teachers to assume active 
roles in that part of the preservice program carried out in the college and for 
college professors to provide services during that part of the prograrh carried 
out in the schools.*® 

If teachers are prepared by the preservice program to teach new elementary 
school science programs, personnel in schools must lend support and en- 
couragement. Such support is often missing because school administrators 
and concerned parents do not understand the new science programs and 
resist the changes which are being encouraged. Structured procedures at the 
state and local level may also inhibit recognition and acceptance of new pro- 
grams. Such resistance is real and important. Its causes must be understood 
and dealt with.** 

There are several possibilities for projects aimed at educating the public 
and school officials as to the methods and purposes of new science programs. 
Conferences for administrators represent one; the inclusion of administrators 
in inservice programs for teachers is another. Still another suggestion Is that 
an “elementary science sampler” including materials from several of the new 
elementary science curriculum projects be prepared to introduce laymen to the 
new programs. Filmed materials which show these materials being taught might 
be included to give an idea of ways modern science is taught to children.*’’ 



Research Projects 



Science Programs 

The effectiveness of college courses and programs is taken too much for 
granted. By demonstration we see exciting course outlines, we hear stimulat- 
ing lectures, we observe interested students, and we know many excellent 
teachers who were graduated from these programs. To date very little-has 
been done to measure how the college science experiences affect what the ele- 
mentary school teacher does In the classroom and how effective he is in 
developing an attitude of scientific inquiry in his pupils. Effects of college 
courses and programs, while complicated by a multitude of difficult-to-control 
variables, should be studied by carefully designed research projects. 



35 Programs devetopad at the University of Maryland and the University of New Mexico are repr^ 
aentative of the kind of cooperation described here. Brief descriptions of th^ese two programs inay be 
found In Teacher Education: Issues and innovations, the 1968 Yearbook of the American Association of 
Colleges for Teacher Educatioli. 

s« For an excellent discussion of sources of resistance see: Watson, G<»dwin, "Resistance to Change”, 
Concepts for Social Change, pp. 10<25. Edited by Goodwin Watson. Washington, D.C.: National Training 
Laboratories, NEA (1967). 

It Elementary Science Information Unit. Far West Laboratory of Educational Research and Develop- 
ment, Berkeley, California. 



It is recommended that research emphasis and priority be assigned in the 
following areas; 

1. To determine what the competencies of the elementaty teacher of 
science should be. The Guidelines of this report may be considered to 
be testable hypotheses of desirable competencies. 

2. To determine whether these competencies are being achieved in the 
teacher’s preservice college science experiences. 

3. To determine whether the pupils of the elementary teacher, who has 
achieved the competencies that have been identified, develop desirable 
competencies in science. 

The importance of identification and control of variables in specific studies 
related to these three areas>. cannot be overemphasized. The research will 
require real e)jpertise and probably would best be undertaken by teams of 
res^rchers^that include scientists^ specialists in learning and elementary edu- 
cation, and statisticians with Competence in research design. 

^ The guidelines of this report indicate the variety of teacher outcomes which 
, must be refated to progranj characteristics. Other teacher outcomes that are 
important sh^oufd also be examined. For example, a teacher’s feelings about 
^lence and the values of teaching science in the elementary school appear to 
be crucial factors in effective elementary science teaching. Other Important out- 
comes include the teacher’s ability and willingness to relate science experi- 
ences in dther subject fields. Work is needed to relate preservice science 
program characteristics to the outcomes indicated In the guidelines of this 
Re^rt. Other desirable outcomes of the science program that might be the 
subject of research are how to develop the following attitudes and perform- 
ances in teachers. 

• That science is lively and interesting. 

• That scientific inquiry can be carried on In elementary classrooms. 

• That he can adequately deal with investigations even though he does not 
know the "right answer.” 

• That he ran adequately deal with and learn new subject matter In science. 

• That methods of teaching science can be transferred to the teaching of 
"nonscience” subjects. 

• That science learnings and experiences are connected to social learnings 
and experiences. 

• That science experiences are used as a vehicle for the development of) 
skills in writing and artistic representation. 

_ Several of the committees who studied the Preliminary Report suggested 
that research should be done on the personal characteristics and attitudes 
that are necessary to be an effective elementary school teacher, including 
those attitudes that are most desirable for a teacher of science. It was further 
suggested that such a study should start with the student entering college 



continue through the pre-service years, and into the initial teaching experi- 
ences. In addition to research relating personal characteristics and attitudes 
' it effective elementary school science teaching, research already done and 
in progress on the concerns of prospective teachers should be studied for pos- 
sible use in research and program development.^^ 



Programs With Children And Schools i 

In addition to the research projects suggested for the preservice science j 

program, research in experiences with^ children and schools was also con- ( 

sidered at the AAAS conferences. Some of the suggested projects were quite j 

specific, others were broad. Among the specific proposals were the following. f 

• If the teacher is engaged in planning as well as carrying out investigations ^ 

in his college science program, does he do a better job of teaching science | 

modules to. children than if hjs college science investigations had been 
planned for him? 1 

• What kinds of classroom behavior will enable the teacher to increase class • 

participation by more children, for example, does the length of time the j 

teacher waits before asking another question or calling on another child 
increase class participation by slow children? 29 n | 

• Will pupils acquire a particular behavior, such as the ability to constmct I 

a test of a hypothesis, faster if they are taught in large groups, small I 

groups, or individually? . | 

Other somewhat less sharply defined questions were raised concerning the | 

effect of preserylce. experiences with children on the teacher’s performance 
in the work situation. / 

• Will early contact with children make prospective teachers aware of prob- 
lems of teaching science to children and in turn increase the value of their 
other college experiences? 

• How well does the teacher’s performance in micro-teaching and simulated 
classroom situations predict his later performance in the schools? 

Other questions relate to the teacher’s attitude toward science. 

• To what extent can these attitudes be changed? How do these attitudes 
develop in the first place? 

• Is it true, as some educators suggest, that Inept teaching by graduate 
assistants results In the alienation toward science so frequently observed 
in elementary teachers? If So, would it be possible to prevent such aliena- 
tion by providing graduate assistants with special training to teach? 
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Two broad areas of needed research were identified: the cost effectiveness 
of different instructional procedures, and ways that needed changes in social 
institutions such as colleges and schools can be brought about. 

Thorougl'i study of the many questions pertaining to the preparaton of 
elementary teachers will require decades, and improvements are needed now. 
We cannot wait for research to provide all of the useful measurements before 
we decide on our educational shoes. But just as shoes are replaced, so are 
educational practices. By continuing effort in both development and research, 
the improvements In preservice education of elementary teachers that are 
needed today can eventually be brought into being, some of them within a 
few years, if the effort and support is as massive as the need dictates. 
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INSTITUTaONAL STANDARDS 

thaltsi! o' this Report is to describe competencies 

exlfence? for *’'=‘“"8 P^“«‘"hle science 

Lwlr competencies have been derived from nine 

guidelines stating what the elementary teacher should be able to do when 

^ preservice program. The guidelines are applicable to plan- 

■ ^tes five Institutional standards that seem essential if the 

is to be able to achieve the broad goals set forth in the guidelines. 

IS ®“'‘‘®h"es to institutions in establishing a framework in 

which effectave teacher education programs can function. 



A Coopercitive Enterprise 

ihH-?”?®'’’'''?' *®acher education programs is properly placed on many 
individuals and groups associated with institutions of higher^ education- thi 

oS®’ education, professional organizations, and the 
public ^rved. Greater invoivement of all of these individuals and groups is 
e^iTOly iinportant in all phases of teacher education from initial planning 
through evaluation, teacher placement, and follow up after graduation, thif 

oS,In™ ''!T ^portent for special parts of the ticher education 

are ChSed?“ education to which the standards 

SteiKta wt 1. The inslUution $hould make cerudn that teiehee and eh- 
a^ntar y edueatmn ^pertmenU .hare the re.pen.ibmy for the pre.ertiee 

“f efe"«"««ry toother, and that in meeting thU retpon- 
oooperate fnUy udth oath other and «Uh.e1^, 
Mate department, of education, and intereMed per.on. and 

• What are the relationships of the institution with other 

’ £4“rpe°5o'„"„a 

SJBonp r!!^ina elemenbiy teacher 

P’""' Tim. .„Tnclua.d fe, b. «■».. -. Zi; 



Staff 

Tie most critical factor in good teaching is the staff. In no ^ 

her education is excellence of teaching more important than that in the 
Cher education program. The quality of planning for teacher eduction, 
inseling future teachers, leadership in both class and put-of class science 
leriences of prospective teachers, and the search for knowledge through 
earch and development also depend upon staff competence. Some members 
the staff should have had experience in teaching elementary school science, 
i all of them should be knowledgeable about recent research and develop* 
int projects related to elementary school science. Participation in such pr^* 
ts is an exceedingly valuable experience for one who teaches courses for 

“service elementary school teachers. 

Slaniard 2. The instUution .houU insure that the seie^ ^epms^n 
dementary teachers U under the direction of a profetmnid staff mhsch 
I) exhibiU competences in science, (b) U kno«ie^ed,U about ekms^ 
4 sdUHd medmds and prc^rams; and (c) marks cooperatsvdy uath 
lleng n^s in other deporttnents, 

• What evidence is provided that those individuals who teach 

• See to elemUtary teachers are competent in the science 

• What^^dence is provided that those 

science to elementary teachers are lar wito mat(^^^^ 
and techniques used to teach science in elementary 

• What' evidence exists that those individuals responsible fw 
the science preparation of elementary teachers are provid^ 
nKWMiy time and material resources to develop course 
and*programs deemed appropriate for elementary eachers? 



Curriculum 

text in importance to staff is the curriculam__for the 

Ion of elementary teachers. The nine guidelines provide the 

m which the curriculum of science and science te^hing 

led. Curriculum as used hetp refers to all experiences 

wides to assist the prospectite teacher in acquiring competencies needed for 

iching science to children. 

Standard s. The institution should structure a curriculum, d^n^ tot 
) provide a fuU liberal education for the future teadt^ uududtng_a 
ong science component, (b) prepare the student for bfe as a u^ftd 
ben and respondble leader in dsodety mhose every as^ U^conduun ^ 
sCenee, (e) enable the student to become a prpfia^smd hnoudedg^ 
le teadsJ of sCence and other subjects that he t^ be c,^ uppn to 
ich, and (d) enable ihe student to he r^nfdent pf l^.^ojmdorud 
asCmce teather, and of the importance of mkatlu^d^ 
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Individualizing Instruction 

ani"t‘he^S 

rsabSr?'^-“ 

meaningful when students are considered °ndiwlaHy^^^^ le7tVSart 4 

M '*“***" 

ao Ouu ,u.denu may pZ^ 



in dete™ShWCSlX^‘'aT^^ 

Facilities and Materials 

tearters^h^lZSf ?I® ®" ‘h® competencies that elemehtai 

oxDerlpnrp’ Man.* «i * s ^ Science courses without labdrator 

to^ZoZf W are graduated vtithout an dpZSm 

o see equipment and materials designed for teachinp «ripnr>a /» «i^ *. ' 

reference when planning science experiences for bhildren. ' 
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STRATEGIES FOR liMPLEMENTATION 

Participants in the four conferences held in October and November, 1969, 
made many suggestions for implementation of this report. They further recom- 
mended that these suggestions be referred to special groups for initiation. A 
number of recommendations were addressed to AAAS and the Commission on 
Science Education. The Commission will make a major effort to respond, but 
change can be effected only with the cooperation of the National Association 
of State Directors of Teacher Education and Certification and many other indi- 
viduals and groups. The conference recommendations for implementation fol- 1 
low. Your assistance is solicited in carrying out those of the recommendations 
appropriate for your situation. 

Colleges and Universities Preparing Teachers 

1. Assume responsibility through cooperation of departments of science 
and education for establishing competencies for elementary teachers 
consistent with these Guidelines; accept responsibility for the develop- 
ment of these competencies, recognizing that competencies can be 
developed in courses and in many other ways through appropriate 
experiences; accept responsibility for developing procedures for evalu- 
ating the success of students in achieving these competencies. 

2. Advise students planning to teach in elementary schools early in their | 
college career about the competencies needed in teaching elementary 
school science, and describe experiences that will help them develop 
these competencies. 

3. Seek teachers with the specified competencies to act as cooperating 
teachers. 

4. Make one person on each campus responsible for stimulating and 
coordinating the implementation of these guidelines. 

5. Conduct discussion sessions among college faculties and students, 
recent graduates, elementary school teachers, district administrators 
and supervisors. Every opportunity should be taken to generate forma! 
and informal discussions of the Report. 

6. Consider the Report in the perspective of its significance as-being 
prepared by a national project jointly sponsored by AAAS and NASDTEC 
and involving 500 participants in seven conferences. 

7. Maintain an internal structure developed for study of this Report for 
continuing dialogue and consultation among scientists, teacher edu- 
cators, and the schools. 
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8. Plan seminars to demonstrate the new elementary school science pro- 
grams as background for discussion and implementation of the Report. 

9 Prepare reports describing how these guidelines and recommendations 
are being used in your college for presentation at professional meet- 
ings and for publication in professional journals. 

10. ; Provide for review of the Report by disciplines other than science for 

- possible application in these disciplines and support in developing the 

competencies. 

11. Encourage teachers of science education courses to use teaching 
strategies that they want elementary teachers to use. 

12. Plan research and development projects so that faculties become 
actively involved in finding answers to questions related to the pre- 
service science education of elementary teachers. 

13. Plan preparation programs for paraprofessionals who will be able to 
make it more feasible for schools to offer effective modem elementary 
school science programs. 

State and Regional Action 

These recommendations are phrased for state action but they apply equally 
well for regional action, Involving a part of a state or several states. 

1. Conduct state-wide meetings of scientists, teacher educators, state 
department personnel, school administrators, teachers, and lay leaders 

for discussion of the Report and ways of using it. 

2. Identify an individual in each state who will be responsible for dis- 
semination of these guidelines and encouragement for their irnple- 
mentation; and to establish communication with state professional 
associations. He should be assisted by 3 ~ state committee. 

3. Solicit haifies of potential leaders for state consideration of guidelines 
and other leadership roles from such groups as the Council of State 
Science Supervisors, Council of State Elementary Consultants, Academy 
of Science, State Science Teachers Association, and TEPS Commission. 

4. Request state school administrators associations, school board associ- 
ations, and PTA’s to provide for presentation and discussion of the 

Report at their regularly scheduled meetings. 

5. Assist state education departments In carrying out their role of stimu- 
lating improvement and innovation in teacher education. 

6. Inform industry and the lay public about modern programs in elemen- 
tary school science and in needed improvements in teacher education, 
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7. Submit reviews of the Report and ways in which it has been used for 
publication in state journals. 

8. Generate pressure from boards of education and administrators to 
require that beginning teachers be prepared in compliance with the 
guidelines. 

State Academies of Science 

9. Consider the report and determine appropriate steps for implementa- 
tion, including: (a) endorsement by the group; (b) offering assistance 
to teacher education institutions and to the state education agency; and 
(c) further development of performance objectives in science and in 
education. 

State Education Agencies 

10. Appoint a planning committee to promote widespread introduction and 
discussion of the Report. 

11. Conduct a state conference on science education for elementary school 
teachers, utilizing the Report. Conference goals should be to provide 
opportunity for dialogue among the communities of sciences, science 
education, and elementary education, and to develop action programs 
within the state, including models for operation. 

12. Compare the report with state regulations for any possible conflicts 
and consequent needed changes in the state standards. 

13. Present the report to the state’s Professional Education Standards 
Board for possible adoption or approval. 

14. Use the standards and guidelines in evaluation of teacher education 
program approval and/or state accreditation. 

15. Serve as clearinghouse for developments within the state and in other 

states and communicate periodically to interested grot'ps within the 
^te. > 

16. Maintain relations with- AAAS and NASDTEC in order to promote effec- 
tive use of the staridards and guidelines. 

Professionaf Orgdnizotions 

The assistance of national and state professional organizations in science 
and mathematics should be sought to; 

1. Distribute copies of the Report to their members who can make use of it. 

2. Provide for presentation and discussion of the Report at one or more 

regular meetings. , 
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S^^r special conferences for introduction and discussion of the 
Publicize the Report and uses of it in their journals 
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Appendices 

Not all of the suggestions and recommendations of the committees have been 
incorporated into the body of the report. Some of these ideas are included in Appendix 
B u^ider the headings Gems (short statements about desired activities and outcomes), 
Science ^periences, Experiences with Children and Schools, Liberal Education, Im- 
plementation and Research. Those who read and use this report may find many of 
these suggestions helpful. 

To keep Chapter 2 from becoming unwieldy, the performance objectives for Scien- 
tific Knowledge were stated in general terms rather than in detail. However, it was 
felt that this treatment of the objectives would not be as helpful as more specific 
statements to those developing new science programs. To assist developers of new 
programs to prepare their own specific objectives, an example of more detailed ob- 
jectives is given in Appendix C for the topic The Composition, Characteristics, and 
Structure of Matter. 



Appendix A 

GUIDELINES AND STANDARDS 



Guidelines 



Guideline I. Science for elementary teachers should be taught in the same style 
of open inquiry that is encouraged in elementary science programs. The student's 
science experiences should develop his ability to actively investigate natural phenom- 
ena and should result in his enthusiasm for and confidence in teaching science 
through inquiry to children. 



Guideline II. Science experiences of elementary teachers should develop in 
teachers an appreciation for the historical, philosophical, and current significance of 
science to society, and positive attitudes about science which result in a more objec- 
tive approach to everyday problems, in improved teaching of science in their class- 
room as well as in increased interest in science-related activities. 



Guideline III. The science experiences for elementary teachers should develop 
competence in inquiry skills or processes of scientific inquiry. 

Guideline IV. The content of college science experiences for elementary teachers 
should be selected so that the topics studied by teachers provide, as a minimum, an 
adequate background for the topics taught in elementary schools. 



Guideline V. Science experiences should be selected so as to develop a capacity 
and disposition for continuous learning which the teacher should demonstrate by 
engaging in science activities which will provide new information and experientes 
capable of affecting existing attitudes, ideas, and teaching. 

Guideline VI. The institution, working cooperatively with schools, should provide 
experiences with children and schools so designed that the teacher develops the 
skills required for effective instruction in the science program. 

Quidelihe VII. the institution should insure that the teacher possesses skills re- 
quired for effective human relations with children in the classroom by carefully and 
continually screening candidates for the teacher education program and providing ex- 
periences in which students develop thel'desired behaviors. 
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education depaitmenfsS/B fhe f/iaf science and elementan 

elementary teachers and drat in meerina #h*^ ^ Preseryice scierKe educadon r 
Plate fully with each rtfcw onS ? '**'»"»«"% ««se <fepa^“fZ^ 

'"terested persons and *"“ »<®*® rfepartmente oCS'Z 

tav^^rs% u^^!’Z*tZ^Zl *1 P'®Pa-a«on of etemeo- 

e|^ ,n sc/e^e; (« fa wft-cfc fa) exhibits ^. 

vide a full liberal education for f/ie falu.? ® curriculum designed to- (a) oro 

the Zetftiika^a ^^' ^'"‘'*"8 ® acln«^m^. 

society ly/iose every aspect is comfi'HonsW ’^'‘[utiren and responsibk ieader in a 
^°irt ® Preticient and knowledgeabie teart^ ecience: (c) enable the student to be 
will be called upon to tS-Vr^nia ^<ence. and other subh^thm to 

atonal rofe as h^cienle^ell^^>,f^‘^^^^^^ ^nndm/SZ'^,^ 

Standard 4. InstHutinns Js • i. "”<»rtance of what he does for society 

d^s *'fe'»"<»s amon^^denttf of ”*‘® *'*'>' <» 

denfs may progress at different rates^nH ht i^ Planning instruction so that stu- 

dairerrmtts for learning that is acauireH ^lydit in completing program re- 

thr^gh mWesperLci “"®«® or th!t%^'^Z,md 

t^^ig^frmnZmle^'^a »«/ 

sfuefenf-consfroefed exercises proposed by 
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Appendix B 

additionai items from the conference retorts 

1. Gems. ; ‘ 

ea«on iidjo^^ elen»*n»a^^ 

. • The teacher «d«ation: pipgram „„s, tayood four ^re' 



* scionce programs should be 

* should also be addressed to junior college teachers since many 
' leige elementary teachers fulfill their science requirement in junior col- 

* Colleges should provide outdoor laboratory facilities which will facilitate stu- 
dent aaivities focussing on environmental science. 

* ^hool system personnel should be directly involved in every phase of the 

Siere”*"* preservice science education of elementary school 

* wte *^hool ywr children should be provided during each undergrad- 

* s^letles should develop positive attitudes among science pro- 

devpiftnmonI*!fr*k”^ •nterdlscipllnary cooperation with science educators in 
development of the preservice science education of elementary school teachers. 

2. Science Experiences 

in science be taught closer to time of application 

sKh era"«"8 of the BA degree. Consideration 

wfth basfc SS h “'"‘f education running in collaboiation 

witn basic science courses where relevancy and application of the orlncloles to the 

e ementary classroom will be explored. It might also be possible to run an^ Interdlscl- 

sSr'Tc®- ?• “PP®*’ >«''«> in Which reprSentatives 

rnn^^Hfr P*^sent to student teachers an overview of the concepts they 

preMmatloT *^®"' Such presentations would then be followed by a 

the teacher primarily interested in methods. This person might give 

*®®®*'‘"e ®“'« ®"'‘ techniques ap- 

propriate to presentation of these concepts at the elementary level. 

humSc rpfetlo^ch-^ « that would cover the social and 

ag^^nf ot nal fraf of science as they apply to such areas as:"ihe use and man- 
JSTrr* nhM resources, pollution, technology, population control, history of 

science, philosophy of science, and aesthetic values. ' 

3. Experiences with Children and Schools 

--'!^.;®P®®*’''® are often not identified early enough to provide educational 

SmaTv^^sh^M ’’">8'^™ »Wch tegin as early as the 

^ ^® .1 ^^®®® P*’08rams might provide observational or tutorial 

t^TtaKhere c<Sh^L*r rt I" “"Od's- Through such experiences, prospec- 

a carSr and decide whrther or not education was the direction to takHs 

.h ““ j ‘>'e duality of the individual as to ac- 

ceptance or reje^tiqn into the credential program. ' , 

“ill'll recognized that it may not be possibie to develop die desired comps- 
SoreSJr P'»service edut^ion of elementary tmbere. 

rhSTit! ', n I Ijus •»?'' exposed to the classroom he carinot fully appre- 

clare^e problems <rf teaching science. The first few ^rs' are mMt cri^l in this 
respect. Every school system shoiHd establish a cooperative ariehgeinent with a local 



college or university to provide continuing supervision and training in science in all 
elementary teachers during their first too or thru years of service 



♦ ♦ ♦ 



fuJI iff provision be made for field experiences in more than one 

thS •®''el, and in more than one type of community so 

that the students are given additional frames of references from which to make com- 

Sn te '* “ ®“8gested further that simifar pro- 

h^ fhe ^ ‘■“'es o< teachers. This might be teflerted 

foilol^l ^ indrcatrng several alternative sequences of experiences that might be 

4. Liberal Education 

&ience being a human endeavor, the teacher as a liberally educated person should 

s'^uw for theVto of Srie and 

h uid seek to keep students aware of these social issues. The scientific entemrkp 
Should provide resources for actively reducing racism, incr^si^^s^ 

th?s more s^ng™'™*'''® *'’* environment. The re^rt s^uld reflUit 

5. Implementation 

^*’® '•impact of the student den:and for change In styles of teachine and content 

teLS tahlino^ta fo “"e?es and universities is also affecting 

teacher trainirig in those institutions. It seems highly opportune therefore that the 

™iuf naS*tolA^‘?”Sr' f srrel"s^^Lhf:;gto;V« 

S scfehSftea^^^^^^^^^ ^ interest of the new program in preservice location 

We suggest that a most helpful first step would be the preparation bv AAAS In 

derived from the ^ 3 ij*d I* fh f i Pn agencies, of criteria, which^would be 
deriwd from the Guidelines, that would be used by accreditation teams in makinc 

Sf nif to colleges and universities for future'development of their educa- 

tional programs, most particularly those In preservice science education. 

^ . * * * ' ^ 

A«rediting and certification agencies should be encouraged to' enforce restructuring 
of college curricula in accordance with the guideiines. restructunng 

♦ ♦ ♦- 

encouiage their science and science education faculties to 
arrangements that promote mutual cooperation. These might Include 

2ed appointments across departments, or the establishment of jointly 

staffed science teaching center or institutes. ^ ^ 

-■ ■- ,*** 

^ One possible channel for dissemination is via Institutes and workshops. In this 

there are two avenues which should be explored. The first would to the 

nwnt of^Mfenc^ mat. Workshops which will work specifically on the develop- 

^d wh!c?a^cr>rS! "I''" the collega ievel 

compatible With the common features of the several elementary pro- 

grams. The second would be to ^Infiltrate’' institutes which aro primarily desisned for 

tS^JSSST 

To catalyze the development of special institutes and to encdurage the irie^rMration 
of the idtos in dtooloplng th.se Guid.lin« in existing instiS?SriS 
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lor institute directors and potential directors should be sponsored. It appears that in 
this connection there isr urgent need for models in which the very philosophy which is 
being advocated is used by the advocators. It is not our suggestion that the workshop 
participants go through the specific elementary materials as such but that utmost 
care should be exerci^d to see that the workshops do not violate the educational 
tenets which they advocate. 

6. Research 

A representative study might examine hov/ the use of “open hours” in teachers' 
laboratory work (rather than fixed times) was related to 

a. Teachers’ beliefs that science is no^ a “foreign” special activity. 

b. Teachers’ beliefs about the importance of inquiry in science. 

c. Teachers’ responsiveness to individual differences in pupils (especially abandon- 
ment of “lock step” teaching). 

In addition to the studies suggested by the elements of this report, research is 
need^ t o follow teachers completing programs for a number of years in their 
careersTlo assess the effects on classroom performance of personality factors, and to 
suggest program characteristics that might be made dependent on the teacher’s per- 
sonality. How much the science program for prospective teachers shculd differ from 
the program for other nonscience majors seems dependent on the differences that may 
exjst between these groups. How different are these groups in competence at the be- 
ginning, in expectations, etc.? What emphasis in the science courses and the ihethods 
courses will produce the greatest desired change in prospective teachers? 

Although this report focuses principally .on the connections between program 
characteristics and teacher outcomes, other forms of research are very relevant. For 
example, information concerning the techniques, devices, and approach^ most ef- 
fective in changing collegjate programs is needed. Knowing what an effective piro- 
gram would be and arranging for its operation are not the same, individuals of good 
will neod all the assistance they can receive in making their efforts effective. 

Common sense and experience indicate that the program elements recommended . in 
these guidelines should, p.^'oduce positive effects. But careful research tracing out the 
effects of these and related program elements is needed. Where controlled research is 
not possible we can, at least, describe the consequences of our efforts at development 

Not enough trustworthy information is available on the sequence: 



Characteristics 
of collegiate 
programs. -«i— 



Teachers’ — 
competencies, 
beliefs, ^ — 
feelings 
in science. 



Teachers' 
actions in 
teaching 
science. 
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The standards and recommendations of this report specify and suggest characteris- 
tics of collegiate programs that should be investigated. For example, some of the 
variables that might be manipulated are: 

a. The number of teacher-designed lat}oratories in the collegiate program. 

b. The extent to which simple materials are used in the collegiiite laboratory. 

: c. The use of “open hours” in collegiate laboratory work (rather thari fixed times). 

d.I.The number of laboratory activities that have no predetermined “right answer',’ 

. In the collegiate laboratory. ^ / 

The teacher's freedom to take, all his science in one field rather than requiring 
'“distribution.” 



e. 
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f. The .assignment of collegiate learning experiences after pretesting rather than 
reliance on a “standard” program. 

g. The number and variety of direct experiences with children in the first two 

years of the collegiate program. . ’ - v > 

h. the nature of the sequence of involvement in the teaching role (after exahnbie, 
going from tutorials to microteaching to involvement with large groups). 

i. TTie nature of the internship (W example, the arrangements for supervision, 
the age of the pupils taught). 

j. The degree to which decisions affecting the . internship program are made by 
the cooperating schools. 



:dne of thej'mpediments to change is the lack of appropriate “ideas” or “rhbdels” 

to be used in the science preparation of elementary teachers. 

^ *^e most commonly suggested, solution to this problem is the production^ field 
trial, and evaluation of curriculum materials for college students in the same way that 
rnaterials have been prepared for use at the elementary and secondary level. Perhaps 
there is another step that could be undertaken now at less cost and with more imme- 
diate impact. ; 

Cona;deratiqn. should be giveri to the establishment of a clearinghouse for ihstruc- 
horial units or actiyfties; Individuals would be encouraged to submit descriptions of 
their idMS to the clearinghouse. Those who did so would be revmrded by receiving a 
descnption of other ideas dealing with the same curriculum problem. An example 
may help: - >■; .y;-, ‘v,.---: . 

; Suppose that ;l have developed an activity, (perhaps an A-T lesson, a programmed 
^uence or^just a simple assignment) that I feel is particularly ef^ive in. getting 
teachsm. to distinguish between acceptable and unacceptable resporiSes to assess- 
ment items in science.” I would write up the activity and submft it to the “dearing- 
nouse for inclusion there. My report would automatically be accepted providing the 
follqwingcrrtenaweremet: \ ^ ^ y ; . > ' y 

ftt® 3rtivity is dearlyfcStated. , ^ ^ 

. described iri sufficient detail that another tocher could rSpIiCate 



X, .The student pcpulatioh that was taught is described in brief (e.g., year in school 
• prior hours of lienee and professional education). j ^ ' ; 

: . d. iltie “test”ofthepltiective i^ I ; 

Studerrt performance test is given (e;g., 80/120 studehts rnet triterf^n). 

II report” >^s accejfted, I vM)uld aufbniatically r^elve copies b 1 
all .other related activities in the clearinghouse bank— iie., all activities dealing With 
assessment in sdence. , ' ' ' ' ^ . 

important side effects of this prtijW^ould »» the idefi- 
111 f!)®* country who are creative enough to iriake i»me original 

Qont^utions. These (}eople are who rihotild be pairticipating in curricutum 

projects;''' '■ ' .'i* , .'y.,':, :n. 



'•y 






Theij is a need to provide students at all levels with the opportunity to be activel 
involved in research.- One way to create this opportunity is to develop large-seal 
research projects each of which contains a muffitudevdf sub problems deserving^ 
invedigation. Undergraduates; Involved in such research, would be better prepared f 
conduct research projects concerning their teachihg; Further they might bd itibie in 
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Studenb SnSng*wrk fot“‘ »eir school b, outsiders, 
ence prior to the time they beein a thesk «f 

tions which grow out of a central project will orobahfJ'h"* ^ 

The result would be an incS Sm theoretical basis, 
problems which have little relatio^to Pne Snrthe? ^ f«wer studies on 

practices: Rathe^They^’Sjcm at- j^ifying hew twching 

design of teaching methods? ^ questions rais^ by . the systematic 

Samples of research questions are: 

’ can vicarious 

result in improved**wieim in"theSMr'* ** *"***' **** ^••'*M<les.\»liich 

to que^Jons in daily life, ?nV nfrJJed iilte^^ 

j e, an increased interest aL^scierLCOi^^^ 



PER^RMANCE bBJECTiVES for ‘*TH 6 
CHARACTERISTICSir and STRUCTURE r 



to do upon completion of their colleee scieni!^ *^^“***^^*^^^ 

ife realistic in terms of the tiL a t^chw haf^to*^^2Sf*?;^^^ 

specifications that would be a useful^uidf 

tethers and who are ^oncerny^wrth S - ^fence to 

such detailed specifications would have ^lence programs. Td include 

lllustratethe kind of detailed specificatlohs tKat4>A^ too unwieldy. How^r, to 

taught in elementary schMlsVf^VWhat «h!S w*iS*®*? jj^**'”* that are likely to be 

standing Of th.5.“SnSSS In ^ 

r olementaiy schools^ ^ ®sp6ctable job of t^hing science In 

...nuhibor of act^^*liinS'1?dm«toS^«"'^w*** ^ most ihciuda a 

Milafhl. OhlSr^ Stt * 

bo expactsd to exainino mattar h tom. 5* •'*™ntaiy childmn might 

characteristic properties to identifv charactenrtic properties and to use these 

ESS units such arsons* and * ®l*‘*"»tlc fcshion: 

aimilar dpportunitias: 1^4.” «J!»lav RmsJam ptoyw; 

voaligata Physical aim Approach chlldmn dn- 

the totarmodlata Science “*!“'**? ^ Volume II, of 
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i^yfelitri hrtii?lfii 1 ijn‘b trill 



*^*^^*^ ^ichce texts discuss metter in tenhs of atonis and inolecules. None of these 
presentations presume a detailed or sophisticated atomic theory and the major 
emphasis is placed on properties of matter and its interactions rather than theoretical 
statements^ or elaborate models.^ it seems reasonable that there should be a similar 
einphasis in the preparation ,of elementary teachers. The' following objectives are 
written from this point of view. . . v, . » 



I. 



II 



III. 



IV. 



What is the nature of npatier? 

Perform demon^ratipns that suggest that matter is composed of particles. 

a) tempnstrate diffusion in liquids and gases and describe the observations in 

: terms of a particulate model for matter. 

b) Demohsttate that many forms ^of matter can be broken -down ihto constituent 

parts and describe this decomposition in terms of a particulate triodel for 
matter. ' ■; 

c) Dertion^rate tte interaction of two forms of matter to form a new substance 
arid describe this interaction in terms of a particulate model for matter. 

d) Perform a demonstration to show that particles of matter are ve^^small. 

^rfpnn demonstrations that suggest that the particles of matter are in 'Constant 
niotion. \ ^ . 

8) Ppnipn^rate diffus^^^ in liquids and gases and describe the bblervatipns in' 
[ .torins of tte motion pf particles. V 

b) Demonstrate Brownian motion; 

Provide evidence for tlta ^ectrical nature: of matter. 

a) Place an electrical charge on an object and disciiSs 'commOri examples of 
static electricity in terms , of the balance of electrical charge, on ^ma^r.; ..: 

,b) P^ionstiate electrical .conductivity in. solids and^. liquids and discuss^ con* 
ductivity;; in terms bf the . fipw of eiectnrai Charge through matter. / V 

c) Demorrstrate the movement of colored ions under the influence of ah electrical 

: V potential and name the charge pn ttfe ions. - ^ 

Use simple physical models to d^ribe chennirai Changeif fh^^ ^ 

a) Use tasteiiers and rings, nuts and bolts, tells and sticks or other physical 
models to illustrate the combination of elements to lFoim compounds. 

b) Use chemical: symbols to write formulas for simpte Compbunds.>^‘ - 

c) Write chemical equati^^ represent simple cheinktal changes? ; 






, How can dif^rent forms of mathr be identified? 

h Naine and measure (or describe quantitatively) at least six properties cd ihatter 
that iriay be used to identify it. i C 

' h) Giver! samples of pure substances, some of which are solids, sonWili^^^^ 
and some gases, measure one or more of the following properties add use 
the resulting data to separate the objects into sets such that all elements of 
a set have identical properties. The properties to be observed are: icblor', 
hardnew, fracture pattern (what happens When yoii hit it with a hamntarX 
density, rnemng point, ^ point Heat capacity,* electrical^ corfouctivlty, 
solubility in various solvents, and behavior on heating. 
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II. Describe evidetnce that may be used to distinguish between elements, mixtures 
and compounds and use that evidence to make such.distinctipns ior simple cases-, 

a) Given homogeneous samples of solid materials; identify the materials as 
' - either mixtures, elements or compounds. Only samples which can be idehti*, 
i tied with relative ease should be used. For example, only elements, that will 
not react upon heating in air; only compounds that may easily be decomposed 
by heat or electrolysis; Only mixtures which do not have a well defined melting 
point or which consist bf substances with gross differences in solubility in 
cornmon solvents such as Vvater and ethanol. v 



I 



How/s matter changed from one form to another? , 

Describe changes from solid to liquid to g^s in terms of the arrangement of 
pertscies in the various^ forms bf matter, the motion of the particles^i^ each form, 
; and the kinetic energy of the particles. % 

a) Hrat water from —10 degrees Celcius to 100 degrees Celcius in aii opbh con* 
tainer and describe the changes in terms of a particulate model for matter. 

b) ^ Measure the energy required to convert 10 grams of ice to waW and 10 

granjis of water to steam. Describe the energy changes in. tenns of molecular 
motibn. , . 

" c) Describe in qualitative terms the effect of temperature and pressure on the 
vblume of a ^s; a liquid; a solid. * 

II. Describe cbmrnoh cherhicai chang^ in terms of a particulate model for ma^r. 
Dernonstrate at least five such chemical changes. • 

a) PeMribe rusting and other common examples of cbrrbsion in terms of a re- 
action between the m^l and 0}qrgen. ^Prepare demonstrations to show the 

b) Dern^strate the reaction bf an acid with a base: 

. c) Dernonstrate the reEKdfe^^ carbonates; Describe the formation 

of caves, the cleaning of tojlet bowls, or the action of baking powder in terms' 
this .reaction;;. ’ 

d) Demonstrate decomposition upon heating as an example of chemical phahge. 

e) Descnbecombustion in terms of the chemical reaction taking place. ; 

speed 

I. Dernoiistrate the effect of concentration,~teniperature and physical state oh the 
rate at whfoh. changes In .ma^ 

a) Demon^rate the effect of temperature on the rate of common chemical changes 
' . such as souring of rnilk and oxccfe*^’''*^ <burnm^ 

: b) Deinonstrate the ieffec^^^ (ration of'reaqtanfo bh rate of comrhon 

" 3 changes such as Iforiiing, acids reacting >dth metals, or bases reacting^^h 

fats. ' ' ^ -.',,5. 

c) .Cfoiiionstrate the effect of physical changes, such as pulverizing or dissolving 
: on the rate Of (^rnon re 

fiwtclrs thal affe^ equilfo^^ in chemi^l and physi^i systems and 
: demonstrate sjjrsteins, in equilibrium. ; . . \ 

.:<•) Describe differences over a* period of time in a . system consi^ing -of water in 
a closed container and water in an open container and explain the differences. 






b) Describe macro^bpic and microsopic changes that^occur in a saturated solu- 
tion over a period of time and induce changes in the amount of siolid material 

, in the system by altering the system in one or more ways. 

c) Demonstrate a system in chemical equilibrium and affect the sy^em in^such 
„„a way that macroscopic changes in composition can be observed. ' ; 



H(m can matter be -■ 

i/ Demonstrate the separation of solids from liquids, solids from solids, liquids 
front liquids, using physical techniques such as filtering, centrifugation, sedi- 
mentation, distillation, and paper chromatography. 

II. Demonstrate4hei^paration of materials that are chemically combined through 
electrolysis, decomposition 1 ^^ heat; and displacement of an element by another 
element. ^ ^ 

Sonie will undoubtedly argue that the above represents top much; that elennenlary 
teachers — particularly in. the primary grades — can do an adequate job>withbut bene- 
fit of many of the competencies described. Others, will argue that it js far. top little; 
tliat it represents, no more than would be covered in a high school coui^e . in 
science; that any respectable college science course should go welj ^yohd.the ipyel 
outlined here. /There is truth in both positions. It is certainly trup that the; above 
is no mote than might be covered in a high school course— -indeed it is /ess than 
might be covered in a modern high school chemibtiy course.' However, any jf^rson 
who has worked closely with elementary teachers can certainly testHy that 
sbribes a number of competencies that teachetp do not possess even after they . haiye- 
had as many as 12-15 hours of "college ievel" science, there is considerabi evidence 
that in our rush to develop sbphisticated ideas that are important' and rneaningful 
to professional scientists^ we leave many of our nbnscience-orlented^ students con- 
fused about these simpler, yet basic, ideas, in the judgment of this wdter, the 
competencies described, above wi|| enable the elementary teacher to dp a respet^ble 
job of leaching science in the anb outlined. Further, it represents a |evef of undbr- 
standing that^hould be attainable for all of the science topics described in Chapter 
2 in a reasonable length of time. If additional tiine is a'tailable, more may bp dprte 
but the above outline represents a minimum level of cpm^tence that ^fi.and shw 
be attained by all elemental teachers. \ 4 1 - & v : r/ 

' \ PudieyHarion^^^^^^ 
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PARTICIPANTS BY STATE 



Alabama 

Fenn ' 

McCall 

Thomas, J. C. 
Wells 

Alaska 

Bowkett 

\ Arizona 
McCullough^ ' 
Munch 

Califamia 
Arnold 
Beard 
Bishop. L 
Bridfham 
Brown, . S. ' 

. Butlor ... 
Carlson 
Costa 
Deady 
Fishor 
Fishlodor 
Gagn* 

Gilbert 
Gross 
- Gymer 
Hone 
Howland 
Hurd 
Hutchins 
Inglis 
Karpius 
. Klinckmann 
Lepper 
Lindquist 
Lowery 
Machlis 



Connecticut 

Abelos 

Cason 
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MitUerhan 
Mylorie 
POdbndorf 
Poll , 
Schmulbach 
.'Shoresman 
Sr; M. Lois 
, Solon ^ , 

. . Switkin 
Walter 
Ward 

Weinbrennor 



Ballou 

Black 

Colglazier 

pevHo 

Hendrix 

Herron 

Hook 

Nordland 

Pierce, J. 

Pole 

Sanders 

UMhom 

Weigand 



Krockover 

McCollum 

Nearhoof 

Ost 

Rathert 

Schulz 

Kansas 

Bogut 
Griffing 
Kurtz . 
Pierson, D. 

Bfa leBienfcte 

IWICiMQr 

Banks 

Barker 

Jackson, C. 

Murphy 

Simandie 



Louisiana 
Barrilleaux 
Bennett, H. 

Mains 

' Morin 

Matylaiid 

Behlihg 
Jerkins > 
Laslo 
Lockard 
Malak 

Thompson,; F. 
Walbesser 
Williams; D. 

Massachusetts 
Brown, R. R.. 
Clark, R. ; 
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Brown, R. 

Connelly 
Efraemson 
Gilbert 
Lawrence ' 

McLean 
Murry 
Quiiin 
Switkin 
Sr. M. Lois 

Coliegc Administrator 
Costa. 

Dickson 
Fisher 
. Lacey 

Mallinson, 6. 

Marshall 
Hetzel 
Rich, E. 

Rivlin 
Schwartz 
Smith, H. 

Tanhenbaum 

Thomas 

Tillman 

-OrganizaUens 

Dasbach 

Jozwiak 

Kabisch 

Kormondy 

Livermora 



Mayor 
. Meyer 
Overly 
Rezabek 
Smith, Mark 
Wolfle . 

. School Curriculum 
Project 

Allen, L. R. 

Bakke 
Brown, R. 

Burkman 
nshleder 
Hacker 
. Humphreys 
Karplus 
Lij^n 
^ Livermore 
Mayor 
Shamos 
Sheehan ' 

Thier 

Weison 

Webb 

NSF, bfflM of 

Education, Industry, 

Educational 

Laboratoite 

Binder 

Blackwood 

Boston 

Borg . 

Cason , 

Daen 

Dickmah 

Edmunds 

Foster 

Howland 

Hutchins 

Upson. - 

McGuire 
Phillips 
Ritz . 

Steffehsen 

Steele 

Wallace 

St udent 
Knapp . 

Smith, B. 

Young, G. M. 
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